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09/998491 (hereinafter "the Application"), filed on November 30, 2001 . 1 have 
already made a declaration ("my earlier Declaration") in these proceedings. 
The statements made in paragraphs 2, 3 and 4 of my earlier Declaration remain 
correct. In spring 2007 1 was appointed as a scientific Ambassador for the 
Alzheimer's Society, of which 1 am also a Patron. 

2. I have read and understand the Office Action dated July 26, 2007 in this 
application. 

3. The objections to Claims 14, 22 and 30 are set out in paragraphs 3 and 4 of the 
Office Action of July 16. Tn paragraph 3, the examiner alleges that the 
specification of the Application 

" has not established whether either or both of the extracellular 

accumulation of amyloid plaques and intracellular accumulation of tau 
proteins are the causes or the symptoms of Alzheimer's and related 
neurodegenerative diseases of Alzheimer type (page2, lines 7-12). The 
specification has not demonstrated that the administration of the SMRER 
polypeptide will treat neurodegenerative diseases in animuls". 

My co-inventor and I do not purport to have established the cause(s) of 
Alzheimer's or any other neurodegenerative disease. This topic remains a 
matter of intense debate in the scientific literature. But it is not necessary to 
establish the molecular cause of a disease in order to establish a new and 
inventive treatment for that disease. For instance, although neither the initiating 
events, nor the molecular causes of sporadic Alzheimer's Disease are known, a 
number of drugs are currently licensed for its treatment: including rivastigmine, 
galantamine, donepazil and memantine. This is despite the cause(s) of 
Alzheimer's Disease being unknown. Furthermore, the first three of these drugs 
interact with the acetylcholine neurotransmitter system, the fourth with the 
NMDA-glutamate neurotransmitter system, a very different mechanism. Thus, 
although the drugs do not interact with or affect plaque formation or tau protein 
accumulation, all are effective treatments for Alzheimer's Disease. To give 
another example, Parkinson's Disease is characterised by the death of basal 



ganglia cells utilising the neurotransmitter dopamine. The cause(s) of the death 
of these cells is unknown, yet the use of L-dopa as a treatment has become 
standard. 

4. As will be seen from the specification of the Application, the experimental work 
carried out by my co-inventor and me was directed to a number of polypeptide 
sequences all of which contained the palindromic sequence RER. Having noted 
that this sequence was common to all the active peptides investigated (RERMS, 
SMRER, RER and APP 319-335) and noting that all worked in essentially the 
same way, wc continued to work on the sequence RER. Much of the data 
presented in our papers and below is derived from studies involving N-tcrminal 
modified RER, notably Ac-RER and Ac-rER (where r indicates the D-lbrm of 
the N-terminal arginine). Wc have shown (Mileusnic, Lancashire, Clark and 
Rose, 2007, Behavioural Pharmacology. 18, 231-238 (copy herewith), that 
modifications to the N-terminal of RER, either by replacing the R 0 ) with the r 
(D) form or by other chemical modifications and substitutions (acylation, 
methylation, guanylation, etc.) arc either without effect on the biological 
activity of the peptide, or actually enhance it. I therefore believe it reasonable 
to say that results found with these N-terminal modified peptides apply equally 
to SMRER, since SMER includes the "core" sequence RER which in one or 
other of its isomeric forms is common to all the peptides investigated which, as 
I have said, all worked in essentially the same way. 

5. What we have shown in the Application and subsequent work is 

a. that peptides containing the palindromic sequence RER or rER, will, 
in standard chick and mouse models of learning and memory, 

i. restore memory formation blocked by the use of antisensc or 
antibodies that disrupt the synthesis or functioning of the 
amyloid precursor protein APP in chicks (see data presented in 
the Application with reference to Figures 4. 5 and 6) - relevant 
to Claims 14 and 22, 
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ii. enhance weak training in chicks (see data presented in the 
Application with reference to Figures 7, 8 and 9) and mice (see 
data presented in Annex I to this Declaration - relevant to 
Claim 30, and 

iii. restore memory tbrmution blocked hy the administration of 
amyloid beta, the peptide component of amyloid plaques in 
chicks (see data presented in the Application with reference to 
Figures 2 and 3) - relevant to Claims 14 and 22. 

b. that peptides containing the palidromic sequence RER or rER, 

displaceably bind to neuronal cell membranes in both the chick brain 
and in the mouse and human hippocampus: sec Mileusnic. Lancashire 
and Rose, 2004, European Journal of Neuroscience, 19, 1933-1938 
(copy herewith) for chick data and the chick, mouse and human data 
reported in Annex 1 of this declaration. 

These results are evidence that the peptides investigated, which in the case (a)(i) 
above include SMRER, will be biologically active in other species than chicks 
and mice. Therefore the peptides investigated, and pharmaceutical preparations 
containing the peptides investigated, fulfil the standard criteria for cognitive 
enhancers and arc candidates for the treatment of neurodegenerative diseases in 
humans, such as mild cognitive decline and Alzheimer's Disease, 

6. The examiner continues: 

"Applicants have only demonstrated that upon intracranial administration 
of the SMRER polypeptide to chicken they rescued memory and 
prevented amnesia induced by Anti-APP antibodies and APP anttsense." 

and later 
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"Applicants have not demonstrated that the polypeptide of the instant 
invention can be administered by methods. ... other than intracranial 
injection". 

and further asks of SMRER 

"Can it be targeted to regions of the brain?" 

Since filing of the Application, my co-workers and I have shown that short 
peptides containing the RER sequences and their N-terminal derivatives can be 
administered intraperitoneally or orally and are biologically active in chicks 
and by gavage (oral administration) in mice: see Mileusnic et al 2004 referred to 
above for peripheral administration in chicks and Mileusnic et al 2007, also 
referred to above, which presents data showing that in the chick, Ac-rER, 
administered peripherally, crosses the blood-brain barrier, binds to neuronal 
membranes and is behaviourally effective in enhancing memory for at least 1 2 
hours following administration. Further experimental results, presently being 
prepared for publication, are shown in Annex 2 to this declaration, Gavage 
results for mice are shown in Fig. I of Annex 1 . All these experimental results 
were obtained on experiments carried out under my supervision. 

7. The examiner continues: 

"Applicants have also not provided enabling disclosure for all animals and 
the chicken model has not heen established as predictive for all animals, 
including mammals" 

There arc many literature references as to the relevance of the chick model of 
memory formation to that in mammals: see Andrew, 1 991 , Neural and 
Behavioural Plasticity; The Use of the Oomestic Chick as a Model. Oxford University 
Press;; Mileusnic, Lancashire, and Rose, 2005, Amyloid Precursor Protein: from 
synaptic plasticity to Alzheimer's disease, Ann. N. Y. Acad. Sci. 1048: 149-165. 
Rose, 2000. God's Organism: the chick as a model tor the study of learning and 
memory, Learning and Memory, 7, 1-17, copies of all of which are submitted 
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herewith. Further, with particular relevance to the chick as a model for the 
functioning of APP and Alzheimer's Disease, the chick APP sequence is closer 
to that of humans than is the mouse sequence: see Figure 1 of Carrodeguas, 
Rodolosse, Garza, Sanz-Clemente, Perez-Pe, Lacosta, et al., 2005. Neurosci, 
134, \ 285- 1 300, a copy of which is submitted herewith, and the discussion 
thereof in the paragraph on page 1 287 headed "Cloning of the chicken APPs". 
It should also be noted that, as described above, the RER peptide binds to 
neuronal cell membranes in human hippocampus (sec Annex. 1 hereof, Fig 1 ). 

8. To address directly the question of whether the peptides investigated are 
behaviourally active in a mammalian species, experiments done under my 
supervision have studied the effect of Ac-RER in a standard model of learning 
and memory formation in mice, contextual fear conditioning, according to the 
following protocol: 

Training: On the day of training mice were introduced into the conditioning 
chamber (20x30x20 cm with a 0.5 mm metal grid floor). Five seconds after 
introducing the animal, an unconditioned stimulus (0.5 mA foot shock, 2 sec) 
was delivered through the grid floor and after an additional 55 sec in the 
chamber the mouse was returned to a home cage. The conditioning chamber 
was cleaned with 70% ethanol after each animal. 

Testing: Mice were placed in the experimental chamber 24 hours after the 
training session and their behaviour was continuously registered for 3 min using 
a keyboard event recorder and custom-made software. The chamber was washed 
with 70% ethanol after each animal. Freezing, defined as the lack of movement 
besides respiration, was assessed during the whole test and the percentage of 
time spent in freezing was calculated. Locomotion as an index of exploratory 
activity was also analysed, as a percent of time spent in locomotion. 

My co-workers and 1 used this training protocol for a weak form of contextual 
conditioning to test potential memory improving effects of AcRER. Weak 
contextual memory is formed if the shock is delivered immediately after 
placement of an animal in a novel conditioning apparatus, a phenomenon 
known as the immediate shock deficit: see Fanselow. 1990, Learning and 
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Behavior, 18, 264-270 and Frankland, Josselyn, Anagnostaras, K.ogan. 
Takahahi and Silva, 2004, Hippocampus, 14, 557-569, copies of which are 
submitted herewith. 

We trained 40 mice in the weak form of the fear conditioning model using the 
protocol described above. 

• Group 1 . Ac-rER 1 00 mg/kg (n= 1 0) 

• Group 2. Ac-rER 20 mg/kg (n- 1 0) 

• Group 3 . Ac-rER 5 mg/kg (n= 1 0) 

• Group 4 . Saline (n= 10) 

The results are shown in Fig 2 of Annex 2, from which it can be seen that: 
Group 1 that received 100 mg/kg peptide spent 29, 1% (SB =5,2) of the time 
freezing (p<0,05), 

Group 2 that received 20 mg/kg peptide spent 34, 2% (SE =5,9) of the time 
freezing (p<0,05), 

Group 3 that received 5 mg/kg peptide spent 19, 7% (SE =5.0) of the time 
freezing (p>0,05), 

while the control group spent 13, 1% (SE=2,9) of the time freezing. 

These results show that the N-terminal modified tripeptide Ac-rER, 
administered peripherally, acts as a cognitive enhancer in mice. 

9. Long term potentiation is a further well established physiological model of 
learning and memory. In a further in vitro experiment in mice conducted under 
my supervision, the peptide RER protects against amyloid-beta induced 
blockade of long-term potentiation. The results are shown in Fig 3 of Annex 2; 
see also Milner, Dallerac, Cummings, Rose, Mileusnic, and Murphy, 2003, 
Restorative Properties of an APP-derived Peptide on the Induction of 
hippocampal LTP in beta-amyloid Treated Brain Slices. Abstr. Vol. 17: P38.03. 
British Neurosci. Assoc. . Brighton, UK., a copy of which is submitted herewith. 

10. Taken together, the two experiments in mice described in the last two 
paragraphs show that the peptides Ac-rER and RER are behaviourally and 
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physiologically active in enhancement in standard mammalian models of 
learning and memory. Thus they act as cognitive enhancers and to protect 
against memory loss resulting from the improper processing of APP or the 
presence of amyloid-beta. As already explained, because of the shared presence 
of the sequence RER or rER, F believe it reasonable to conclude that these 
results and the other results referred to in this Declaration for peptides other 
than SMRER would also be found for SMRER. Thus the scope of the claims of 
the Application is in accord with normal research practice in that demonstrating 
similar biological/behavioural effects in at least two disparate species, in this 
case avians and rodents, provides evidence of a generalisable effect which 
would thus also be found in humans. 

1 1 . With respect to Claim 30, the examiner says: 

"The specification has not demonstrated that the administration of the 
polypeptide will produce cognitive enhancement in all animals". 

As mentioned above, we have shown that the peptides RER, Ac-RER and Ac- 
rER can be administered systemically and are biologically/behaviourally active 
in the brain for up to 12 hours after administration: see also Annex 2 Fig 1 
showing binding of the peptide to mouse hippocampus after gavagc and Annex 
2 Fig 1 showing the neuronal binding partners of the peptide and its N-terminal 
derivatives. Taken together with our demonstration (Annex 1, Figure I) that 
RER binds similarly to the human hippocampus as to the mouse, it is reasonable 
to conclude that not only RER, Ac-RER and Ac-rER but also SMRER on 
account of the common RER element will be biologically and behaviourally 
active, particularly as cognitive enhancers, in humans as well as in rodents and 
avians. 

1 2. In conclusion, we have shown that: 

a. APP3 19-335 and RERMS act as cognitive enhancers and are 

neuroprotective against amyloid-beta in a standard model of learning 
and memory in the chick, 
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b. Ac-RER, Ac-rER and RER act similarly as cognitive enhancers and 
are neuroprotective against amyloid-beta in two standard models of 
learning and memory in mice, 

c. Ac-RER, Ac-rER and RER can be administered peripherally and 
orally in both species where they are targeted towards specific brain 
regions , including the hippocampus, and 

d. RER binds to human hippocampal neurons. 



1 hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that wilful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code, and that such wilful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 




Steven Peter Russell Rose 



26 October 2007 
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Annex 1 




Fig 1 . RER binding to neuronal cells in chick, mouse and human brain . 
Chick brain : upper panel shows the distribution of the rhodamine (red) and 
fluorescein (green) labelled tripeptide in chick brain; lower panel shows the binding 
of the biotinylated tripeptide (red) to neuronal cell membrane. 

Mouse brain : upper panel shows the hippocampal area analysed; lower panel shows 
the binding of the fluorescein labelled tripeptide (green). Sections were stained with 
DAPI (blue, nuclear stain). 

Human brain : upper sections shows the hippocampal area stained with toluidinc blue 
and neuronal marker NeuN (green); lower sections shows the distribution of 
biotinylated tripeptide (red). Insert shows a few of the neuronal cells. 
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Annex 2 




Fig 1. Tissue distribution of Ac-rER when injected peripherally 
Mice were injected intraperitoneally with fluorescein labelled Ac-rER (2 mg in 0.2 
ml/100 g bw. I, 3 and 6 hours following injection various tissues were excised, 
homogenised and subjected to analysis. 

A. SDS-PAGE : Upper panel on the left represents the total proteins in the 
homogenate. Lower panel represents the fluorescein signal in the total homogenate 
visualised with Typhoon laser imager. 

B. Fluorescent microscopy : Tripeptide binding (green) to neuronal cells in the area of 
hippocampus (i-iv). Panel (v) shows the section counterstained with the nuclear stain 
DAPI (blue). 
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Figure 2. 



effects of Acr-NH2-RER on weak learning 
Mean; Whisker: Mean-SE, Mean+SE 
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20 and 100 mg/kg of Ac-rER improved memory in the weak form of the training 
paradigm and the effect of 20 mg/kg of the peptide was the highest. 

Physiological evidence for the efficacy of the peptide in relieving amyloid-beta 
blockade of long term potentiation (a physiological model of memory) in mouse 
hippocampal slices. 
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Fig 3 RER rescues LTP from detrimental effect of amyloid- beta fragment (Ap25- 
35) on LTP induction at CA3-CA1 synapses in mouse hippocampal slices. 



13 



I A-jniA I J l is Affidavit v U.dncRA % 



OO 



CO 



43 

o 

(0 



s ^ 



o 

• 1— I 

■9 



0) 





2^ 
5 << 



Z X! 
■§ * 

a. E 

.6 g 

* 8. 
.2 §• 



X! 

o 
a, 

ca 
Xi 

cj 

o 
xs 



a -a 

3, 

oo > 

C CO 

II 

O xi 

b* c 

ft. 

w o 
o *i 



a u " 



o 
is 
a> 
5 

=3 

to 

CO 

u 
2 



.2. o 

X> * 

03 CO 

E 2 

CO 

ca o 
oo 15 

B O 
3 ° 
8fi 
ft. . 

•\ CO 

8 H 

to CD 

8 b 



4) .5 

.2 tS 
8 cd 
S a. 

§8 g 
< • 

«-i XJ 
S CO 

E .a 

"C Xi 

u cj 

8-.S 

CJ co 

e e 

"" 00 
X) E 
CD 3 

3 g, 

>> fi 
'X> — 
CO XI 

IB K> 
S © 

« -u 
X) x> 



2 « 

O u. 
Xi § 
73 ^ 

o 

■8-° 

o "i3 

O X 

ECO 
to 



O 3 

O co 
to 

oo o 

•S o 
Cl 

S 8 

Bxi 
CB w 

E° ° 
■5 B 
E ,0 
'C 33 

p- S 

■5 13 

CO CD 

b°S: 
Is- 

.O O 



a, 

c0 
-B 



ft - 

o -a 

■a « : 

S S 

to 2 

CO B • 

•s S. 



« .O 
> y v_* 

-O to 
3 ^ 

73 3 
.5 E 

ST" 

00 o 
B > 

S » 

£ u 

CO 

00*3 

« - 

> co 

"2 « 

CD 

CO g 

■a J} 

B 33 
3 

o m 

t4-» ^ 
CO " 

■b.S 
o <o 

co «C 

co B 
c « 
O o 

■3 g 
^ CO 
3 -O 

'5 

'^3 > 
co CO 



•a o, o 

"S 3 IS r- 



S a> « 



W E'S o 

\3 > 



"to 

E B 

2 3 
<£3 O 

CO . K 

fo f 

■a o 
2 

g «> 

n <L> 

•B -w 
*-* co 
.. X> 

s ° 

II 

W -|_t 

to 

o .c 
S3 

S3, XI 

<u 

a> -B 
oo 

o £ 
*-* . — 

CO ^ 
Q, u 

E 2 

O co 



-5 B 

3 



O0 co 
C 



U B 

■S o 



o 
> 

CO 

t? 2 xi 



o o 



oo e 
e o 

oo2 

T3 Ci> 

§ E 

-X! 

00 

O co 

c0 cO 
S -B 



B >^ co 

B X! 

O > 3 

n j" ™ 

4h O 

0\ O n 

t co D 

s s -a 

§ S i 

c: <u " 

> - 9 



co 

■° E 

•a 3 

JJ — . 

c *-* 

|-xj 

8 S 

co a 

v> 

ct) CO 

E 3 

•z; d. 

£ « 

to G 



| .a. 

o a 
s u 

Q, CO 
Q. ^ 
CS E 
s-i O 

.2 e : 



■3 to 



-w ? ID 

•a co P b 



„ 3 .!2 

tl o « 

3 b 

o ^ ft. 

co B O 

■g I.s 

x) -a S 

5 £ B 

to *3 

S -2 -S 

C W CO 
Bow 

3 •*-» 



— ' eao 
00 B 
B ' 



it 

o 

-B C 



B 

ID 



00 
B 



O 

■o . 
s C 
co 3 
O 



- 2 «? t 



B ^ 
? I) > 



ID ? 

"3 i 



O t 

2 ° 
-I 

•s-s 

«> 

ft. 

ft, 

B 3 



> «* 

J= X> 

" -a 

co a> 

O X) 

0Q £ 



. o 
oo c 

3f 

CO 9- 

■B ■£ 

to 

■a c 

CD 

E 



o 



"3 



T3 u u ID u »r«"B.J!. , tixi 

!P *r> hfi to ~ 



T3 
O 

cS 
u. 
U 

c 

3 
O 
cj 
B 
CD 



" O w 

<J S E 
o 

> CO 

CD Jtf 
CO O >. 

§, . -o 

o ° ~ 

U H T) 
CD 



OO yj co 

2- ob i^-g B 

O J XI 
- CD *j 
t« CO 

co cx3 



4) U 



B ^3 

8 3 

to "> 

CO CD 



CD 

CD 

CO 



S3 cD 

■a x: 

CD 
O 

E 
o 



B 

co 

u 



J£ -B 
3 



a tg .2 



« H E 



3 X> . 
O — M 

y ~ o 



C£3 



B 

CD 



CD 
X) 



CD u S 

£ JJ 

<*- co g 

1 B S 2 CD 

.SJ CO Si 73 o 

" o » ~ 

er o - 

CD °- C >u> 

> CD O XJ 

•2 S fl § 

£ a -a 

— .CO - 



00 

B CD 

=3 fj 

CD 



CO 
X) 
3 
cj 
B 

B 

ci 

E 

S 13 

O.XS 

-o o 
o x> 

O O 

00 -B 

.2 o 

fi 

— • tD 



Q ^ 



S g 
.2 cc 



CD O 



CD 
CJ 

3 

O 



u> ^ V 

>» ^ .t; w 



"° § 

S3 ° 

CD 2 

i9 H 



3 

*to 
to 
O 
CX 

CO 



B 

>> 'a 

2 B 
3 

o 



- - w x: 

B X! CO 2 
B 



to 



•a 

c « 
co o 

-a 

CD 
<0 



60 g 

° - ^| -B 



CO — 



CO 

X>o 

s o 

•B CO 



-a 

CD 



00 

c: 



CO 

>v*B XJ 
- CO o 

S xl 



CO 

s 

XJ 

o 



cj •- .E 



.S -2 



P T3 
B ^ -a 



to 



CO O 



V- to CD 

5J 1o 



x! XI O 10 
a> 3 2 ^ S? 12 



S xi 
. o 

to o 
•= X) 

. Is 

3 



... „ E R'E-E^xi'cox: 
- _ o ™ o 4 «'°^iJ ; 3!a 

8<0X! S~ diX! CO B'co 

^ii2o.!2x>x>>*Jt5s3X) 



<0 



o ^ a £f 



S E 



B 

U, O > 

ooofi 

E oi .co u 



Cob 
op g, co a 

CO u. to 
CD ^ CO 

■S ° w 

B 



Be" 



' ' l_ to 



CO 



CD 

•-US 

* g-S 

oo Q 3 

« *^ to 



o -B o _ 

X) CO 3 "™ ._ 

X) co tD > 

O0 3 Mi 00 O 

S o H co a 

~ c a o B 

.£ ~ 1 3 „ >> 

co B O .3 X> 

B « " 5 CD .« 

E a -3 « O S - 

« b a c 

t-t X! *j O """ 

° ^ s w « 

CO 



J> c 
ft. u 
CO -o 
ft. O 

.. o 
x> * 



CO 

2 Q 



8 ^J < S JJ "2 

" O . -3 to g 
C3 •— • 



s 15 



3 

o 

B 

.5 

B 

8 



B CD 

•a o° 
2 « 



" U - " 

L- XI 



X) 

e 

CO 

TJ 
B 
O 

E 

>> 

CD .y 

& 13 



3 

co O 

? '> 

.E xi JJ "ob 
«3 a 

XI 



2° 
'G 

CJ B 

u -a 

J> W 
ft. O 

CO O 

(Xca 

-- « a X) 73 
coBt3x>^2«>t3 

t1S|^-tS§SB 

^ 1 1 ~ 5 § -5 00 « 

' § la s I > 

■£ X! ^B CO j_ 
O J5 « U S O 

•q o «it< a 

3 B g CJ to 



CJ 

JS 

a 

E 

E 
o 
u 

B 

o 
•a 

3 



O ' 

u 



00 

.B 
>> 

CO 

> 



CD 
Xi 



CJ 



'C 2 x! 

ft. B 

X •§ 

CJ > 



ft, 

E.3 



i3 

Si j u 
•B tj JJ 

■*t- cd 83 
> a o 
•S E H 



B - 
co XI 



CJ to 
ft. ft, 



CD T) 

2 CO XI 

B xj 3 
to 



' to «< a 



if 

CO oo c 
a Z CO 

o 2 o 

4-t H w 

« 2 5 

« IB 

o t; > 
3 O M s 

w Lh CO 

3 O L 

.P -s 



CO " 



E g-S 

•C JJ B o 

8-° 

« C 33 B 



CJ 

.2 -2 '5 

t_> CO 
E P 33 

.S?X> £ 
to 



ID X) w 
>^ P 
°3 S 

S -2 

.2 to to 
- 3 to O 
° H 

fi § JS 

,2 ii " 
■B ^.JC! 

" M CJ 

B CD 73 

•2 > f 
5 o ° 

X CD B 
U XI o 

- E'S 
CO ■»- 

O B 

cj 



co 



> to 



iU .S « 8 fi S. 



XI CD 
B B 

« 8 



oo 



S to 
XI ^ 
CD 

13 °< 
S -B 

iS xi 

XI* o 

... .o 



B «> 

ca ft. 
co 

B °< 

CD w 

> O 

CD O 

U* cB 

^ . 

n co" 



,XI 2 
^ ft. 



■*-> m 

2 1 

■3 CN 

S B 

co IB 

CJ 

B CD 



§ 3 

CB CJ 

- ■£ 



CD 

00 to 

CO ' ' 
CJ 



c 9P 



H to U. tH 



" s 
'5 2 2 
3 o 



CO Ui 

JJ > 
spI 2 



B W g. U B ^ XI 
u r„ e "D >- js E 

b g».i fe = 2P< 



to 

^ u, 

CJ tD 

x: * 

U CO 



2 £ 



E 

3 
XI 
O 
co 

OO 



CD 
X) 
<0 

y 

A! XI 



.to >, 00 tD 
— *J EX! 
CD W O *3 



■>-> O 



- 2 
--'S3 

XI •• 
CD C 



11 - « 
43 g 00 3 

x> E .3 8 

13 7^ 3 ~ 

>MB 

^ B xi ~! 

CJ X) CD 
^ CD to 

■5 2> b o 

CJ b P P 



3 



8 "3 "3 

X) ,Cf CD 

^ W xi 



oo ci 
oo g 



XI — ' 

B CD "> 

CD X) CD 

111 

>,X> E 

S B O 

i: to « 



CJ 



S - ._ 

2 O — X! 



•B 5 



xi 
op 



CO 



O cj 
ca to 



ob .2 S JJ 



to 



CJ 



U -5 U 



% M 8 e 

B to E 

O co B eo 

U l,B ll 

O CD u, 

< fj E 

O 8 

CD to w 



•§ 3°< 

2 2 "b 
^5 ** 

to to ■ 
CD CD O 

2S5 



Xi 73 
33 CD 

^ B 
2 

00 fD 

X) w 

D- JJ 
CO N 



co n, '3 

_ O XJ 

B >-. 

CJ XI XJ 
XI CD 

33 - op 

■§ g § 

« .2 Tj 

&> « 2 

« = f 

« E 2 

CJ 3 3 

2 « o 

CD o jb 

E CO to 



CO 



2§ 

3-3 



XI 

00 > 
CO ^ 3 

X! „ 



to 



.2 ? tS 

Q) C U 

S -2 £ 



ik-g 



XI 

CJ 
X) 
CD 
<D 
B 



b 



8- 



o 




*i ut to to -a 

K «> « -K S 



2 
O 

o 

3 
D 

o 

OS 
H 

z 

2 

5 

u 

Bl 
a 

H 



o 

2 

z 

< 



■S3 



.5 c g 



60 
B 

"5 

3 

o 
u 

u 

B 
CD 

cd 

X 

CO 

co 
X 



60 

c 



ca 
Q. 



3 S 

O s-i 

o 
o o 

u s 

B . 

ca o 
o o 
s 

CD 

.2 © 

X D. 

cj k 
<u 

X _ 

o ca 
3 3 

it 1/5 
5 '> 

g»-a 
i.§ 



.2 O 
60 ' 

O I? 

0 -o 

1 8 

co S 
Q. £ 

■>-» -2 
5 g 

60 -J3 
E CD 
— 3 

g s 

O 

O > 



8 ob 

= .s 

CD "3 

•c S 

cd ca 
D, O 

CD fi 
M o 

o -.s 
a..g 
3 .9 

■s a 

.r*. co 



->-» ■*-» 

O co 
CO 

eg 1 
e St 

■Si 



» 7 * S 5 



-a 5 



00 U E $ 

* 3-si.s 

o 

52 o -a ™ 3 



© >> 

> is 

* 2 
o 

►*< o 

8 13 

M (II 

s -b 
o 

X — 

3 C 

« 3 



CD 
, — * l_« 

t-- u 
o< L. 
o 

v - ^Z, 



ca 

U 

4)" CD 

.-a 05 

X CD 

o a 

X-m Q 



8 >S ca 
.S M a 

.S 13 



B CD 

.2 'C 

v-. ca 

s > 
© -s 

£ S 

CO cD 

60 l - 

E ca 

'5 

"o o 
IS W 

u . 



8 



to 

*3 q 



O § 
B B 

I'f 



O c 

>> g 

XI ? 

•o <2 

"> S 

3 t 

u u 

a 

O B 

" t|-t 

o o 



■a 

B 
U 

S «> 

cm a- 



O U eg 
3 8 t3 O 

ca 



■■a 
ca 



ca 



% 8 



(D <D 7? 
X> ^a M 
CD X) -S 

> u is 

c« » s 
a, w 

Sao 



x; 2 ta 

" 23 

to 

Ct3 CD 

4-1 !_, 

£ ■« 

w B 

o o 

fi ° 



1 I" 
co B 

"I 

CD O 
A! 

^ CO 

>> ca 
ca +j 

S ^ 

X) CD 

E X) 
™ 

•O > 

CD CO 

CO H 

3 g 

* B & 

CD <o 

u Xi 

X> « 

g S 

IS 
CO ~* 

5 S 
| S 
o E* 

3 

O Cu 



CD ' ( ^ 

."2 ** r- 
> B \o 

5 CD OS 

.1 8 a 
"2 "2 § 

ca ca .-j 
^ O « 
(D w 3 

1"8.§ 

b-2 » 

. s 

<o cr- <d 

Li CO CO 

, 



? u 
O > 
73 o 
X) > 
^ B 



w to 
60 3 
B « 

11 

1J 
8 g» 



% = 

B ca 
S B 



ca 



W CO C 

S ^Os 
O. „ vo 

u c 5 
« b| 



ca T3 

P. B 

_ o 

ca <-> 

o 1 

(O cq 

1-4 

ra o 

1° 

> /-> 

o 00 

*» T3 

t-t V-t 

o o 

§■» 

2 S 



CD !> 
X 

.. c 
•3 S 

CO O 

- s 

CO X 

>> 

<D CJ 

§•0 
CD C 
DO « 

'5. 6 

CM C 

o -g 

CO * 
B X 

.2 K 
Si 

> X 

c 

•a ^ 
■o _ 

« cc 

"3 t 
o c 
co £ 

c 

>^ _ 

CD n 



ca 



60 = 

b .£ 
'2. £ 

(J T 
CD X 
O, n 



0 



CO 



oo 



£ -2 ™ « 



-a a 




2 'a x> .s „- s 
- * • « qu a .-g 



ca o 
o > 



° % 
S 

<D 

■5 

CD 

ca 



<3 
ON 



B 

2 co 

B 

.5 o\ 

U 

CD p 
_^ Ut 
>> T3 

X) c 

X3 -< 
CD ^ 
"ri >> - 

3 -° Jc 
MC* 
CD CD B 

B .£ 2 

«> '-a 

co B 
O .S2 CD 



O 



S § 

E £ 

•■3 CD 

ca w 

O CD 

>- "O 



■2 « 



CD _ ... 

a C so = " 0\ 

ca •= e o u r- 

e 2 o y ^ o\ 

.is H u o *3 ^ 



ca _ 
■S 2 

o o 
& (U 
X 



o 
CD 



&-X> B 
X) 3 CD 
_ XI o — 
XI 60X Or, 

=5 fD ° ' 3 3 



CD 
S 

tE 
CD 

X> 



B ^ ^ 



« a •§ x>xf — -° 



5 S J2 



'C .S2 



ca -5 u. = 

^ «4-l B 5 u V, 

is fr^ 5 3 £ -g 



ca 

B 

iJ-S fi I) 

° -g =3 £ 

- B c 



8 



2 

CD 

^ XI 



CO .-JJ 

ca co 

•5 I 

13 CO 



CJ 

CD O 



S 3 S 

2 J j 
2 w) 

-"Ml) 

O 73 X) 

§ 2 



CD P 

t . Cm 



73 

B 



■O 
B 
co 



£T B > H c 
3 x S5.S 



~ x >sx ca .2 

to B3 , *- 



3 -o x) 

OB 
C3 



B 



cd « — 



*j ca 



to 



ca a) 

cr a 

<D CO 
O 

CD CD 
CO 

o 



B O ri _ 

B 2 J .g 



i'^ i i 

B E " X) 

B •§■■§-< 

8 

"D -B R 
co 73 CD 

CD XI S 
O 



5 ^' 



CO, 



3-3 5 



5 < 



9--^ m • o ca b 



_ CO 

ca "* 

o J< 

o .2 

3 -5 

c° 

ca «D 

<D X 



> rt 

'5b S 

s 2 

J2 xj 

CO E 
CD <! 



2<3 

-I a 



e 2 -o 

B CD O 

suts 

^ E - 

co O 



s.. ^ 



.5 cd o x S 
U x 2 2 £ 



8 

X) CO 

8 "^o 



60.2 

° 2 

CD ~ 



CD 

o 

co 

CO 

•3 E * 

X) .3 co 

E 3 

3 XJ X 
O CD 
l-i CD 



CD 

- - U) 

— 13 



X -3 

B o 
CD § 

co E 
X) •- 
° £ 

'= .2 
cd n 

c*. 2 

-B S 

-B ra 
% O 

B 
co 

E 

_o 

"to 

_o 

"3 
E 

00 



ID 
X) 



S o 

CD 

tj CD 

B S 



B E 



ca caXr -B 



S.<tf co ca y <; co _-• 

tii o cj-c co ca w 



s 
o 



O .3 
u 3 
3 e 

CO 3 



g ° B § 2 
5 B O g B 

60-2 E x ■-<! s 
~ g I -| -2 -§ B 
9-8 f-S S 8 . 

« o « 



•g u 2 b « -rj -5 — 

•BBT^wO^ — — 



O ° TJ J; - h 



S >« • E u 

B *f> O .2 .3 _ 

. P ^u, ;b *j j 3 



" .2 A 2 -b ? 5 S 

B X) X) — to O 

S2t:BB-§^3 

<« as 8 8 « b .S 



« ttiJ O u X 3 'B 

8UB>,60 .„ B 

±J QX)Cgrtg 

co^OtiStE 
SX.to-B-gggrt 

" ~ CD O C 
— B O 



xi -° ^ 5 o 



« O . § U W B 

o*-^ x o ^ «f E 

& s 

•Ci CO 



** x: co B 2 

CD 8 ~^ 

tj t*-i >B ca 



6 



& 5 P I ■§ § 

"3 °s 3 3 X 

C XJ mh ca ^tj 
= .5 - oo E -3 
CD a e -3 ■> 
u O •- co ? 

53 X to =3 " 

. ft (J " H 

ca 

CO 

N 



S ra S 
So 3 

s. .y co 



^ to 

9 ^ - 

5 0. CD O B 

J3 c O H 5 « 



to CJ 



*> ca 



<W rj B 6 

- " 1) o 
3 O B 

But)'" 



_ B 

e P 



E 5 .s 
« 6 > 

CD r* 



_ 3 d w \0 



J 

B « 
t 

xXl , 
O c 



E to >o 



- CJ 

.2 « cd 

3 S oo 

-rt ch to 

co o is s ~ 

to " 

JJ g « w cq 

3 ^ co „ tti- 



& S 
« 2 



3 -g ro o 
§ 2 -2 S 



> iG Jf 1 co 

>, O 2 <D E 

X? co S co u 

■a 3 & 3 w 

« <« "2 ^ 2 

I.S 

a, 3 g<' H cd 

O tO O 3 

•2 » s 2 a 

2 .5 r- <1 0) 

3 b .S2 B a 



CO 



c a. K E x 
3 g « 83 " 



.2 - o 5 » 

> E Jrf X 
B *w .to 



2? i 

x> . 

Ui I 
CO < 

2 < 

E ( 

CO t 

<D t 
co •* 
. e 

2 <■ 

CO 

CD t 
X { 

00 j 
B i 

I 

3 ! 
■-j i 

CO J 

2 1 

O t 

s« 

CO 0 
XJ 



2 js x a E 

O 60 « y g 



P 2 



O 60 CO _ 
•5 .B 3 

s « "° 

o |3 " c 

< t:^ 6b g- 

2-§^ui 



C 

b i: 



i3 

s 



a 

■S" 
5 

■5 



IS 

to 



E .a 



00 

S e 

2 TJ 

U c 



co -a 



C 60 eg 

3.S 8 
o .a 

cO 



00 
B 



to E 

s £ go 



oo 



CO 



3 
00 

a oo g 

^« 
't- c > 



• B X> 

o 

5 B 



o 
6 



c 
o 

to 

3 



-a 
a 

co 

tj 



o 

■3 » 

_ « 

■s 

eo 

a y 

o S 

« 3 

a) o 
u« 

s & 

CO 



&,c 

3 



2 2 ac 

P E _2 « 



O CO TJ 

2S ' 



to 



.B to is 

2 B 

0> 

CO 

E 

CO 



CO 



eg c js 

w (3 y 

op aOfSS 
,S .E b 
E '55 TJ 

sag 

U CO 
co "O 

■a - S 

S JS I 

| 53 
« H o 

2$ s 

o e°>8 

o g c 

Xl ™ CO 

£ 
o 

co 



« 5 3 O 2 



u o 



co c 

N — TJ 

- s 

E m 
T, t- Si B 

II S3 

to 7? l-^-si 



O 

cO- 

£ S3 



eo 



a, 
to 



^ S • - 

On CO "2 

in — i e 
3 3G.2o2.S 8 



c o 



S3 
to 

a,. 

a, 

CO 



CO CO 

CO . 

3 ^ co 

a o ci 

co o.xj 
o 

2 0 



"ST 



CO C CO On 
•3 ^ 



5. ©A 

« — - ^ 

^ JS O ' to 

■a a 
u o 



to 

o S S 



CO 



e 
o 



2 en' 

" .2 8 ^ co 

JD CO 



^ co 

.S a 

CO *> 



CO ccj 

o o 



Ui C .CO 



CO 

a. 



8 



o 

•a S 

13 



o s 
o o 
oo 



CN 



.2? b a 

° B 

g =3 o « - 
« B 0<>> 

' J3 3 CO -S 

1 w o a.tt< 
o o5 -a 



CO 



-a 

u 

'C 

3 
X) 

■a 

o 

•a 

B 
CB 



B 

i) 
O 
XI 

•3 
o 

> 

CO 
X! 

CO 

a. 



•5 Z S 



*-* CO 

B CO 

O XS 

E ^ 

2 ^ 

o H 

<o • 
bo 

« s 



o 



co co 
B > 



co 



ts.s 



e 

B ^ 

co On 

13 CJl 

; -° ^ 
■a S 

S 10 

CO f- 

»< 

(J CO 

X5 JC 
CO 

co 



M T3 CO 

|8u 
Esc 

"§ S 13 

co 



CO 

_ o 

1 

2 <o 
E S 

, CO 

»r x) 

CO 

•c «> 

CO 



CO CO 

O CO co 

<B ±i D< 

CO 3 _ 

w ° S 

^ CB * 

E u - 

S3 y CB 

P 13 § 
- a, a. 
E « ° 

B T 
*J O 11 

2 « !5 
j » o 

« a B 

is -S 0 

fB 

Xi .- .3 



5 E 



BO* 

•3 " S 
X) .-2 B 

v%< 

8 cx o 
S " 3 

O "* o 

■e IS B 

CO wC CO 
B 
co O 

•S SP co 

s b 2, 

co co ti 

B > > 

O Tl 5 

&, CO « 



CO -t-t 



B S 
CO o 



co 



o '5 kliM « 



-56" 



.a o 

to 
<o 



Q 



o t3 

.si 

CO T3 
■U B 
>-) 3 



i-i cj 

co B to 

CO CO r*— 

■o g ^ 

« a a 

a, co 23 



SP-B 
C 00 

'5 '3 

CO c 

2 
•a & 

co^S 

U CJ 
CO 

o «3 



CO 



6 | H 
o > .2 

>B co 

» o 8 

o P. 
" >< B 



a, C 
co co 



u JS co 
« S3 n 



,4> .« 
•« x! 



s-8 



CO 

5 

"5 X! 
cB .S3 

e 2 
o i2 

g-s 

o S 

•Si 

-I 

O co 
oo •— 

T-t 3 

o 

ci 5 

i3 x: 



CO 

I ° 
3 co 

U CO 
CO T! 
B S 

o ■»-» 

o 

a> 
o 3 

co 



JS Q. 
co « 
S « 



X> Ct,^ 



co 



CO CO 

CO u 
00 3 

3 .2 

c ?• 

CO CO 

> XI 

T3 <0 

CO XI 



co a, 
CO JS 

z * 
oo.y 

B JS 

■a s 

C U a 
•~ ij M 

o o xi 

!a a ° 



CO CO 

Hi l-< 

£2 <o 

^ a. 



8 rs co 



a " 

co g 

co B 

CO co 

B X) 

° B 

i—i 3 



C CO 
8 co 

CO 



73 c 



,2 < .H, 



B ciO 

— a 



° 2 
cH E 



*J ° <= 

O B b 

<u o 3 

O J3 <0 

Z .5 3 



S o 
u 

B CJ CO 
O E e 

>> 3 2 

/-t CO 



o a) 
a E 

•g S: 



2 B 

.5 co 
E «> 



co 
00 
CO 

I-I 
00 
CO 



=5 2 
•o o 

CO 



3« 8 S 



2 a> 

3 x 

to O 
5 -° 

O 

VO 

o\ 2 

c u 
•XI -B 

O E 

"b ° 

CO T3 

•g g 
a a. 

co — . 
00-5 



w 03 

73 CO 

c .53 

CO X) 



x CO 
I X! 
_ p 

.-2 t~- J? 



CO _ 

> g 

• " CO 

' — ^ ' I -r« 

* OO > 

S 2 b 

25 « 

1-1 b >• 



„ co 
.O XI 

S c 



•o 
co 



3 .B 
« S 

cS f 

- °» 

•fi =• 

•3 a. 

•§ eo 

B & ' 



co .S2 

to a 
E B 



CM -D 

o o 



5: 

■s 



CO O 

■° ? 

B 

3 § 

CO ' 



CO 
Xl 



T3 

S 8 
§ 2 



EO- 



co u s to 



CO 
B 

co tj 

9 <-» 

CJ 

^„ </3 

CiO co 

.5 cS 

.2 

1 8 

■3 "B 
E « 

•g O 

0 ' 
co 

1 % 
.2 3 
> 3 

CO 

•o 0 
§J X? 

11 

CO CO 



CO 

o 

00 




CO tN 
•j=>oo 

2 On 

CO T-t 

m 

•3 

&, <o 
* -2 

II 
co ' 
o *-> 

.5 to 

co S 
a <o 

g.s 

0) CO 



§ js CO •• 3 " 3 '5 O 

Bc 3ffl .-.to- J u > 

PL 



CO 



Ui 

.P 



CO 



O O 

a, 

CO "B 

o 

CO 

to 



22 "3 
3 



co c; 

op 8 

*co 

to CO 

11 

CO CO 

s 



.a s 

J= 3 
co to 
CO M 

°< 5?"° 2; 3 

to B to ^ 
10 "•- o 

2 « 2 

3 xi 

— >^ co O 
p "B CO 

B 

S 25 

co r -1 



u 

- to „ „ 

0 .5 "a .2 

O B > 

M 00 CO 

o — 
X! 



co 
E 

00 
.3 



CO 



cB 



■s-° 



co 

B 
co 
x: 



u 
■3 

to 



CO „ 

-C CO 
^ B 

8 ° 



CO CO 



o .2 

™ CO > 

o .2 *j 

CO Cm 



co 
> 

CO 

00 X! 



•a 
o 



.3 to 

a? 2 

00 3 
2 "B 



Ct, CO 

5 E 

3 u 

co co 

> ^ 



CO 



E 

„ <0 X! 

P 5 -B 

O *B 

to ? 



2? 2 

CO t3 
co o 

„ O 



CO 

3 
O 
'> 
CO 
I-] 

0 



to 



CO jB 
-co 



« O X) xp. 



■W tO 



K o 



CO 

'? 

O 
o 



B 
O 

E 

o 

a, o 

a.g 



o 



S w 2 
•25 |S 



to 

1J 
co 

- E 



o ° u 

CO CO 2 

.5 "° & 

E « o 

.8 o g 

■o -a o 



s| 

"C o 

a, u 

3 I9 



CO 33 
B 2 



>N 

x> 



CO 



xj cn j_p 
00 B 
3 *-* 

go 1 " 



to - 

co ^ 



TJ ° 
2 TJ 



B 

8xi 



co 



K 5 2 E 
o3b 5 oT | 

TJ ■* 



co 



TJ ra 
CO *S 

XI O 
CO r- 



tJ ^ — * « 
X o 00 -S 



e to uh 

* JS O 

co O !> 

X! . 

O - 



He 



o 00 

X! on 
O -w o 

OO CO 



> 

, o 
<-' E 

to 

TJ ni 



2 s ob.s 

« B rt 

3 

.0 



w U. 

=s "3 S 2 



If 3 

O co 

ra « o 
H?S2 



co -g >> u 

tO TS « 



XI 
CO 
to 
CO 

co 

X) 



•3 m 

i-a 

3 CO 



o » o 2 i 

1_1 H ■♦-» rt\ 



w TJ 



3 
O 
> 

> jj CO 

- a o x; 

b 4a .a 0 



To 43 B on 3 



£ -5 it 



— C a) 

8 » 

■3 MO 

co a c 

It 
~3 

■n ON 



XI U 

B -° 

CO 



" 2 

to CO 

B U 

.2 — 

*co CO 



9 co 



8 

c _3 
co co 

TJ 
cE3 O 

0. 



c2 a* 



J2 



to 

CO B 
4S"S 



5T « 3 -S £ 

» N « 



cO On 



co O 
w ■ ' 
O 
> 
CO 



1 VI 



a 0 

_ - a c .5 <td 
o WO S 3 

co 00 CO 
X! 00 i-t 



» to CO 

to > 'CJ 

" 2 « 8 
x » 

0 B O 

a 42 .a a 

A.3 •- 

- t! -2 « 
CO -B 

a, i 



00 ^ 



,<o 



0 CO 
« Xi 



2>oo 
-E r~- 

5 On 



> 

'to — o ' ' 

§ IS 8 
^0^ 



CO 



1 .§> 2 ~ § 0 

i! > a, O .U 



.- Bl CO C 

E CO On 2) 

■o E « 

■S"S S "3 3 

•2 .<2 o «5 (5 

o -C -5 « - 

13 B 



I-H 

B 

4} 
eo 



^ co 



tO w 

s S. 

s 9 



e- 
to 

B 

eo — 

E 'K 
1^ QJ 
CO to 
B, ci-i 

TJ © 



5 _ o 

v TJ 

_ co a 
•5 Mg 
o .g " 



CO 
CO 



3 ra 

CO CM 

, o o 

! -§ 2 

00 3 



to 

i-t 
CO 

a, 
co 

CO 

00 co 
E a 

■B O 

3 

•H. 

TJ M 
cch B 
O "C 

to -o 

O, o 

>N 

u 4S 

CO JO 

U >n(o 
•B c CO 

13 o °> 



to O 
3 M 

S o 

TJ « 

s & 

E°S 
.3 CO 

S 3 
13 n 

- 1 

.2 5 

e c 
.3 00 

8 8 

B "a 

co — . 



dt ( to 

CO 

U, CO 



00^ 
B O 



CO w 2 
— hr 1 tJ JS 



- to — ._ 

22 JE co CO to 

C 3 K 'S X 

«o „ .2 2.5 

O o C 
4s co o 



2 e .S 

0.-5J, „ 

c! -2 Xl 3 
to _ " 
tO q E 

co .a > 
u -5 Jl 

Xi ? 

K 

<U 

eo 3 

w to 

5 to 



a 00 
.5 On 



00 o 
B 



o 



' to 



TJ 
O 

6 

J3 2 TJ Ji 

^ 3 o a 
« c o § 



to 3 

13 00 

E ^ 



CO 

CO i2 

CJ TJ 

C- Bl 

00 
B 
B 

Ui 

CO T> 
E 

2 co 
o ._ 

3 



E 

_ 3 
CO JS 
to 

« co 

o t: 

CO 



«j 00 

CO 3 

S 2 



3 H 

p, o cw a 
« gr to 'Z 

CliCM N-H S „ 

co o ^ 5 _2 

B ^ ' 



CW Q 



CO 



CO 



2 

to TJ 
to m 



CO 



3 S °^ 

> cB 



S o 

Xl 
CO 3 



CO g On xi 09 



O, 

co 



8 B 

■-i "H -S 

co y CO -B 

_3 CO u, X 



B,^( 
CO B 

c- TJ 

'3 £ 

CJ O 
CO 33 
CO 



CO 

a. 

_ « 
00 u 

"S -5 

co TJ 
3 C 
Xi "3 



& .3 



to 

TJ 



co 

E = 

.2 o 
a jo 



S 5 3 
.3 la 

to 5 
o ^J 

M TJ 
>n E 
-O CO 



TJ 
^ O 

IB R 

3 a 



CO 



TJ 

CO 
XI 



W £3 



2 



a 



o 
B 



S3 

U 

3 co 
5 O 

« ■£ 



.« -a 

cx 2 

* §■ 

o 
u 



-a 
co 
o 
3 

•o 
o 



co 



s 

co 
« 
o 

u 

ro 

°J 

6 CO 



o 

I 

-—J 

.6 

CO 



a 5 es 

2 -° 

CO -3 > 

o u 

CO , » 

eo eo 

w O > 

« s 5 



i£J£li.,ij 

mum** 




5 « * g > _ 

b co « 2 | g E S .b° Jj I a 

K >B*- ,, a (JO co Hu..2 m xiS 

0« ,& poo ^-r! Sri? ■ • - 



u e 3^2* B,«,S BJ< « o 



CO o o 
0.33 

r-" (D r« rtl 



c3 



•o -xi a o 

k H e «> 

co - — (/] 

- t- o — 

O H u 



O.J3 



U r» W n us 



8 =3 3 <2 -8 5 S " * £ -g =2 « 

~ 5 w c o 

.> g op.2 CO 

3 O 3 ° CO 
O U o h . 

o5 5f « c 

S o -g 5 -3 

£ !tj :=S x> co a\ 

ti 1) 15 CO r-i 

O , _ Uf a} 

-o S3 2 o K 

afl^ a. a 

'S X? B | W X> 



8 8 
2* s 



J3 — 
c "™ 

.2 S3 
t3 E 
B - 

U 

O 



• — « fi 

M §•« 

E w -3 

o j> o 
u g S 



O d u o o A fco 



c » R ts 

c « w - 3 

— E o *o o 

o J3 c a, 

" t> ** s « 

o H - o 

«a g 5 s s 



.2* - r< C TO 
o » E B s 



E " E ^ 
•C !2 « ^ 5 H "3 -S « el H E 

m Q, (U O S O « .3 ,D, ? E 



3 J! S 

S 8 S 6 E ^ 

3 S 8 M « 
s « s a is 

'S E E o -o < 



<0 



3 



CO u 

E 



— an . 
o o « 

u X 3 

- S o w 

» Sua 5 2 

a; O 2 o 2 .S 



2 & « 




O 



a 

a; 

CN 



O 
2 



«5 



c 
o 
a, 

3 



s 
o 

IS 

■3 

•s9 



2 S 

00 



W5 



O -5 



B cd 



to ^ 

o ° 



>^ > . 

"5b ca w 

§.5iS 
■t! -a - 



O >, 3 

o 



« « .E 

•s •§ I 



6 «• 

O 

w o 

^ 3 « 

O T3 O 

4) B XS 

£* O " 
3 



CO 

B 

8 

c 



u 

■s s 

J3 « .2 

2 

° 5 
a % S 

8 S s 



8 

3 



S CO 



O 

'■B 

3 

CO 



C* 

CO 

-o 
co 

3 



CO 

E 



o a 



QO 
E 

'> 

•J3 

CO 

-c O 

3 2 
E 6 



8 

o 

3 >> 

5 "8 
S 

co 

U 

TO © 

3 .8 

1 § 

w XI 

T3 O 

c 2 

6 o 

O X> 

CL, o 

x. 

.§ B 

■*-• CO 

CO 00 

O o 



u 
w 

CO 

D. 

E 
o 
o 

CO 
XI 



2 

co 8 



Sis 

O (0 

8-S 



8 2 
^ o 

CO X) 
JS co 



S MX! X! ^ 

T3 ^ T3 TD 13 ° 

3 £ 3 3 3 S 

O 8" G O O E 

x! 5 x: x; x! 

CO X) u T3 



2 -52 

CO o 

c a 

CO 2 



o 

X! 



CO 



■2* 
<° >> 
i3 •§ 

o 5 

CO (A 

CO J3 

^ > o 
■a ^ ?f> 

s 

8 "8 § 

% 8 8 

5 J5 « 

5 acq 
'a J) Tj 

" o c 

* ^ .s 

O p 
co X> S 

S 



3 2 S2 E 



2 ~o e 

"§ 8 ? 

#-t co 

"5 § ^ 

TO R CO 

W ° £0 

co S 

x> .2 




is* « s 



« E a S o jo ™ .5 

<P„«-< beaeoXi 

«\ (tl <-\ O- r% _ A 



fi 5 a 

o £ co 

»i o S 

j u 3 



g co c 
g e o b 

B *~ ^ 
« <0 4> O 

■O 5 2 '-3 <0 60-^1 ^o *i 

-2 ~ « -o S 2 3 

•33^3 ,ii Jfl 0 ' 0 8 

^Bt-w.soos^a. 1 - 
00 b 0 □ -o ^ p o 

■3 c c co o .5 x; 

coBX>r^^it-( co^ 



£3 

s 

C 

s 

5 
-« 



to 



O 



o 
d 
o 
o 

a 
B 



c 
o 

o 

-«-» 

d 
8 

CO 
Q. 
O, 

re 



=3 P 



is J 
g s 

60 a) 

O -b 

43 <o 

O o 

G B 
^ o 

O ' 



.3 



00 

e 



w "a 

d 3: 



to 

1*1 i 



43 

as 

0) 



o ° 
S3 

<2 T) 

3 '<3 
co " 
U 
u 



>> 

a 

s 
o 



O T3 



Si 



•a 



3 

■a 

<o 
u 
o 
u 
0, 



43 O 
O CO 
CO 

<s> -a 



8 
a 

Eos 
§ £2 
o u a k 
2 ** 
** -g 



1 2 

2 J E w 

3 CO 



B 45 u _ 

•S §-8 § 

2 .2 co c 

f0 Q.J- g 

is 

Son 

CO t-< CO 

co ■ a, _ 

rv > — , 
52 co vo 



3 "P 



.. « .is -5 Jg H « 'S -o « r. 

<0 O U W 4> 
oof u ° ° 



■s a 

CO 



4) 
O -g 



oo 
d 



00 43 

- a ** 



. « !« 2 
n o s 

* 'B -s>43 2 
■ <D Si CO CO 
R 4> O 11 O 



° d2-a 



8 d 

CO CO 



73 <U 3 

5 ^ «> .a „ 

c 



3 

^ T3 g 43 S tl B T3 
° - 2 S .SP.S « §45 g 

=r m — • HH • • G CO i> 

' 1 OM«a!!'"„ / 4 ",; « c T3 s> 

W * !0 e * i2 !?£ » E o u S 
«3S«jg*.at3oo-S-=3oug 

e^en. i(4!22s E c " ™ 



_ d 

.1 "8 

> 43 

d a 

— cd 
X3 43 



S 2 

o 



=3 



(D CO 

g 



r-l .<0 



43 o 

y M 

CO —3 
0> CO — 

B a 43 

« 3 o 

CO 



<u a, 



g|3 
d 

^2 



*H VI *^ +-» >. 

■S3 t**??^ ^ 
ti ira c 

.sp o ° ^ S 

•5.o O ca 43 

8 SSI? 

43 3 O S 00 

Si.* 



43 O w CO 5o^-^"5 

2 «-i fcj <o « ' 



43 * 



- •§ .S 3 g E oo " g 

o.ra£°u*;«.3aca 

u.C OT 4DdOj5.du, 
n w D rri n 1 



- O 
OO ° 

.5 d 
3 



E 3 

T3 



w -° .5 2 

ca oo d .S 73 
- a -a <° >< 



ra oo — 
43 on S3 



u,4oS?.-«co-S432G_n<p 

S o ^43 K 3-E!-5J2*rf-ti CO t 

d S " 



H co on b>- -y -5 K n ti 



_ "O <l> 

a g 

B „ .52 u 

d >: 

>. oo © - 

CO « cO 

E S B 

o 



S.2.-S a .a S4l"2f'5 

auU «)2 > ""32 ° 
.Q ttl ^ o J2 3 o 



•Si? 5 S»r§ § « 2 8 § S g-g 

CO 

q3 



fcUOsd52l3B 

,2 *J 5 "43 o i3 3 o — 



«> . « B ^ 



1 o 



.Si, B 



u JS 3 
S •§ 5 o 



CO 

jo i> 
d c 



= «- o 

3 "O " 
10 3 g 



o -a 



ca 



W W _ M M hl\JS T3 .. 7? — t M ry* f> 



E 

to w ^ 
^ ID 



13 ■ "'•a 
d 2 a 2 

O 

t> O in CO 
£ -° -K 



CO 



a p 



w I. 

CO 



o — ' >, » S to — . 

I S, E f .8 i I « -g J 3 

K O O 



5« io «24:.iS^_ 2 45H -tToof 

" — 3^^*t3J3 >>T343^ >>OON~ 



4^ 
CJ 

6 



n> 



6 

o 

ft 



43 W) 3 » 
00 'g 2 43 



4, 43 C 

- _ O O 3 .S 43 > g C 

Q. 43 o Q*'3 cO 3 **-* 43 C 

» 3 C3.0 43^ 3 C>4i t 



C3 

6 




Ml O U 



o 




< 

H 

tt) 
CO 
2 
< 
Q 

O 
> 
< 

>' 



s 

w 
O 



< 
w 

CO 

a 

.> 

co 
a 
a 
> 
< 




P 2 -5 



o 



•» 

-a 
3 

•a 

3 

=5 

<§ 



3*1 

&*! 

« s 

X! td o 
C o) 

8 I ts 

c cd 
•SP c 

co ^ 



8 2 



a. 



Z 3 



£ 
a 

bo 



— . O u-, CO 
CO *~ O > 

IslS 

t, . , a 

CO 

'3 
<J3 



S " £ 
5 « 2 

Op.3 co 

.3 -3 3 

.SO 
5 IS 
* 2 2 

CO 



60 

co 



2 § 

i s> 

° o 

% b 

3 3 

° =3 

» 8 

s ° 

> CO 



a) o 

*+-< "3 

co to 

co E 

XI CO 



« do" 

r-l 

CO . 

§ « 

C f 

CO <o 

§o 

a. 

X CO 
CO VO 

cw 

O i-H 

+-» 

cy CO 

co CO 



O C8 
CO 

B co 



co co 

SI 



■S co 

51 



CO C7\ 
ON <-< 
^ CO 

n CO 

VD CO 

CO co 



' S S » 



? £ i S 3 



13 



co 

■3 g 



co 



2^ 



5 2 c 



co 
co 



» o 



!5 co 
§ § 

^ s s 



O C .S .3 •= a 

-a s 3 3 ^ .a 

co o ^ M \ ■*-* 



w C3 

CO _, 

ca r~ 

8 « ^ 
3 § 

U 2 n 
i_( CO 

8 c?« 

o a,>K 

•o ^ 
■a - 2 -9 



a> , h n o 

- v 3 £ is 



5 "S 

O CO 

o a 

C3 to 

CO V 

<U PQ 

> « 



^ o 

CO CO 

o u_; 

■g ^ 

o CO 



o >$ 

CO o 

X co 

00 



a) 

a. 

CO 

4— > 

B 
o 

43 

3 

o 

PI 
>-> 



o 

, . o 
•tt 75 « 



g -c "S 

O rj O 
J3 f J5 
B 

o °« 

C CO <J 

.2 > tS 
» 73 .5 



"O ""3 *r? 
CO O O 

■? -S a 

C ca 3 

£ M •« 

O g><S 

ti ti 
3 « 3 
O O 

g « 



8 -S E -2 S 3 
S.S 5 ^ - - 



a °l a 

CJ „ 

<l> « o 



C3 0> 



S3 



CO 



co 
IS" O 

o O 



« 3 
2 § 
a, 

CO « 

co c 
o 
o 



CO H 

o 

~ 3 
« . CO 

b''b 

B B 
O O 



O CO 

a b 

4- O 

e 

O -D 

cs ca 

.3 S 

O E 

i3 a 
a. a. 



E5 S 



S 

CO g 

■a * 

u _ 

%% 

°* E 

CO > 



._« ji.B 

— 1 xi .5 
« 2 

u r 
-B ** J= 

u . 
co co 



2 S3 

O T3 

t5 B 

W 3 

t-< CO 

s « 



* T5 
X) CO 

J3 CO 

g •£ 

§ O 

a- 5 



CO 



'rj «-» o 3 r- 

» o 3 OS 



a — 

O o 

o <" 

» in „ 

" 2 ° 

E « 

CO T3 r- 

ca ■ 

CO ^- (_« 

CO — S 



5 CO 



B 
co 
> 

•a 

CO 

B 
O 



2 -5 

*0 B 

js '3 



CO CO 



CO O 
(J o 

'3 

B 




5-5 
6 5 

co .5 

-B. > 



•S3 ? 

■a .3 



o o 



o ■ 

•5 >i 
co 

S § 
no u 

B B 

B 2 

j3 "3 



co -s w 
•c ^ § 

> CO 2 

= . B 
00 CO 

c g 



« ° co 

5 3 o 



CO 



b ".S3 



B M 

0.-0 
O 3 

CO to 

■5 co 



CO u, 

> h 

*0 co 



.3 >- 
CO 

a J3 



co « 

o „ 

■S 2 

o o 

o g- 



CO B 

0 » o 

> a " 

CO £ ^ 

S 

^ B co 

01 » ft 
r-t a o 

^0 4-. 

.§ JS 5 

W «w 
•U ° B 

5 » O 

c .CO „ 

o S So 
Sow 

3 i> 

■5 "3 r - 1 

O C<3 > — ' 

a> o 



•9S 
o « 

CO 

■o _ 

■B CO 
? E 

g E 
§ ^ 

00 v> 
B E 

•a 

B B 

•G co 
E co 

.3 <o 
CO = 

9 S 

J3 X! 

§ t3 

2 •S 

B 3 

■O "io 

co co 

3 > 
"3 CO 

CO 



B 
CO 

CO 

a, . 

°S 
co oo 

59 

CO CO 



• 60 
5 B 



0 B 

JO 



§ s 



CO f_( 



S' B 

is <i> 

8 

I-. CO 
Q.CO 
Ov 

73 ^ 
x> To 
co S) 

D. io 

* 1 
*-* CO 

k, 3 
S CO 

■S E 
co S 
sb- o 

B W 
O 00 



>,xi 
•a -ts 
g 

■3-2 
u 2 

CO CO 

* s 

1 8 

CO M 

a,.S 
« .3 

O CO 



^ co -B 



_ 3 



3 -5 

I 13 

cn M 

~ — ' CO 



E S 
c§-S 

cO o 
co _ 

c B 

3 *" 

1? 
CO u 
u- cd 

_ Ch 



O CO cO 

'S O "3 

° Z -a 

•w -*-< »-« 



w CO 



Q ^3 VJ Mr 



Eg^-gO-oEig 

O co C co 3 x! • — 
— Xi " " - ""*' 



CO 

o co 



9 e 

3 u 

a. "3 
co co 
B ^ 

o o 

CO 



S3 

O co 

> 2 
•a e 



c? 

? 

§ 

B 
CO 

> 

B 

a, o 



o 

1* 

o 

B 



t3 co « 



- CO 
<U X> 
CO 
X 
cd 

U 
o 



>> 2 

co S 
B d B d 

co r i G i_ 



<u 



c 

X 



CO ^~ 
' CS 

p- 

co --a 2 



« Z -I 



o 

a. 3 



n — . 3 m 



TO 
CO u 

H ^ 



3 ° 



2 " « 

CO CO CO •* 

F- 1 — ' c 

. O ct 



00 to 
B 



<u .3 .3 



co 



co 



-? B 3 

1 fie 



i: 3 

3 E 

co .Jr 

CO B 
co 

CO CO 

£ 5 



J3 C 

to O v 

"O « I 

i-i o H - 

ca lh « 

o 3" 

4~-> CO 



i3 
J3 



(3 

3 
•5* 



3 

o 

'> 
co 

•s 

JD 



-V o 

•Si V 

-5 -s. 



g s 



o 



JD 



S 



< = S 



V CJ 

a. eo 

X CO 

W to 



O O O I o 

cn CN N N m 



co co 
+ + 

•O 13 

a a 
cj cj 

JD JD 

o cj 

s s 

o o 

t-i 

.C -C 

o u 



< 

cj 



u 

■a 

u 



a". 
4> ' 
OS c 



X] CO 

CO eo 

U JD 

5 » 

B S 



OS pq e: Q Q 



CN CO 



! C3 



00 00 .-i 



CU Q, 



'c3 '3 
cu a. 



•o- 

.4>. 
00 
C3 

tvj 



II 



4 



X! 



o 



5.x 

S 



8 
x 
o 

JD 

3 M o 
2 « 13 



c o 

9 T? 



c 

4) 

E 

CJ 

a. 
x 
u 



o 

JD 

ca o 
— to 



ca 



2 .P 

CO 



S jd 



8 "81 

g = o 
- 3 2 "3 

s»-g a ^ j2 o 

° 2 S -U jj 



& 4> 
O > 

2 -9 
o 18 

■S -o 



> 
■ — i 
M 
i— 
CO 

3 

O 



I! 11 3 sis 



B-3 
§1 

3 .a 

o 

eo 



CO 

o 

X 

o 

JD 

co 

J3 



B 

_ a 



<y «5 S S3 

ia n «> <C 

o o o 

jo O « <n 



CO 
3 



6 
o 



a. k> 



CO 



J3 „ 

,a So * 



.SP 
■a 



e S<=i 8 

JxJ JO CM ? 

- <5 5 -S 



■3^ 



o 

H ?, 



18 J3 



ca 



6 

o " tS ° a 

cn t3 co ja 

- o S <a - 

it ^1 10 

« g X 



ecu 
o 



L - coo 



,4) 



"O "S? O uT CO "O 

a .5 u S „ h: 

D u, u ji 55 p 

ja .£ js a ^ u 

s B ** "s a » jo 

« .5 a S .2 



« .5 

3 5 

O O 
o 

« jo 



CO 

c 



E o 
.2 c 
-a ~ 



"0 - _ 
5 "3 

o -S H _j 

*^ . CO 



■2 2 E s s » c 
f2 E S ° "§ 
* n P 



8 £i. 

X «> 



p. 



c 

c 
2 



XI 

-S "-3 

CO 



O ° 
M-l ■ w 

O O 
J3 CN 



5 S 

>, 3 



60 >2 



U 

C u 

— -O 

CO 

3 S O 

o S E 

8 S ° •> J3 - "~ 
8 g-^ * .» 

— « « -a — • 
p E 2 " 

W cO 

CO g 

s -° 

£ CO , 
_ - -D 

1.8^ 



00 _ 

.5 E 
S E 



cl> — 
CL co 

•o 



6 «i 



™ -fl Li* tO U| JT\ 

^ = a E 

E 8.||3.S 



„ « | | | 

, JO « 9> O H ^3 

« <2 (3 - " 



'I* ... . *j C2 O 



g 

Hi! 

1-S 
u 

E 

•c 



<l> 



O 

o 

7 8 



o 



X 
Q0 O 

.3 -° 
'a 0 

eo -*— • 

~ a 



o 

CO 



C8 B 
JO 



8-o 

3 O O 

rr-3 on a "o s E 
S-f-cf to S o g 

13 ii ^ « .a 2 -5 



CO 73^0 i> 
= CO «N J3 

E t3 « 
... _ 3 O « 

2 u, -V E 3 «> 
B f 8 CO © g 
„ Cu CL 00 oo — 

- J3 .E J3 - 0 

o S co o co 
CO (2 3 CO „ 

o is o c 

^ 

u o S "O 



g 4> ^ =3 
D.5 £ < 



a -o 

u c 

co o 
Ou co 



f } 



T3 
CO 

3 



oo 



J 3 

O O 

o s- 

CO 

CO U 

^— ' 

~ e 

co o 

- E 
o 

o 

T3 co 
C 

CO 

- XI 

o co 

3 JD 



S2 

JD 3 

■o S 



■8" 

a- 



JO 

"3 

O 

i-. 
CO 
Cu 

e* 

o 
E 

(0 

E 



« g 2 



CO 



•a 

V CO 
O o 
J3 

fi 3 



1) 



oo C 



C 
O 

c 

CO 4) 



JS 

CO 

OO CD 
C3 JD 

E 

a 3 
is jd 

■3 JS 

3 .t; 
« ? 

:s 1 

in 

" JD 

CJ O 

O. cJ 
3 

u O 

* s 

^ 3 

4> 

JD CJ 



CO 

3-H 



XI 



CJ 



&. CO 

2 °< 

8 rt 

S ^ 

<3 4) 
?2 -3 
o ** 

u S 

M CO 

9 CD 

3 oo 

S l 
to .5 

xi E 

CO n 

% " 
JD CJ 



j8 
-» O 

§ ^ 
X) 00 
3 E 

^3 a. 
•£ « 

M-t CO 

o .t; 
^ .« 

3 *4-l 



CO ^ 

cj E 
c3 vn 

3 

CO 

§^ 

xi a 

CJ JD 
.0- «u 



c 

.2 

'j3 
3 



S " E 



E D. 



JD ^ 



3 3 

t: .a 
° s 



3 X> 

o 8 

« ■§ 

^ g 

a.s 

CU Ii 

.§ g 

J -3 

CO CO 

co O 

— JD 

<D ' 

N 3S 



00 



co cj 
X) 3 
2 

•a s 
<° 

*c* *-* 

to 
O 

c 

2 
<D 
O 



o> cn 
Si 00 



> m 
j^o 

<D U 
JD ,M 

r-4 'CO 

73 K 
3 O 

CJ 8 
N C 

I -3 
!e '3 

E % 



CJ 

55 .. 

_£-• CJ 

§ x) 
g x> < 

<D CO t« 

£ a s 

o 

U V) w 

s sa 
s § u 

cj o — 
u o u 
Cu X cj 

CJ ^ 
U CJ 

u -a .2 
E? oo -o 

CO 3 3 



.8 J5 

£ 1 

a) q 

to 

I? 

.a 8 

•g'S 

a jd 

S? ^ 
3 E 

"S -3 

-a cj 
3 JD 

2? <J 

« a 

to cO 



o -S 



c Cu 

< a 

. J3 

CO « 

fl 

CJ 

5 io 

2 cj 
o 5 

1-8 

is 

CJ CO 

8 "3 

Ui 

j= E 
— o 

C4-I <" 



3 

co 



_c0 

"3 

CJ 

•a 

CO 

a 



t; & 

CJ ~ 

M o 

Cu &> 

CO M 

io .2 

"> o 

!r; o 

J3 * 



3 « 

" E 
cj 2 

jd t; 

60 g, 

■S E 

Sj <" 
a. ° 

CO 
3 
cj 



00 
3 

o 

cj 
J 

X) 

' c 

CO 

a 

• S tt> V-r 
^ > 2 

oo ° ?R 

.3 co « — 

■E W >»! 
co « To 

0 > *o 

1 -g s 

4-1 G ■♦-» 

S a w 

*± O0J3 
3 .S " 

« "3 ° 

u cu 5 

J3 1> "'*3 

r E -o 
o o o 

« ii 



4) T3 CO 
.t! 3 

3 co IT 



00 



E»3 
•§ = fl 

*w JO 
O _ Q, 



S3 xi 

3 CO CO 
3. CD 00 

« - 0 9 
co 2 
JD co J3 

3 CO ^ 
W 41 3 
O 



E 
E 



£8 



2 >> 



.2 & 

* S 

> 3 

1) CO 



-Cm 

M CO 5 

.S x „ 

a g <? 

a, 3 -s 

CO o 
co 



co O CO 
^ *-< 



CO CO 

> 3 3. 

4J Is 2 

X) co CO 

< 1 i 

d> CO 

If 3 

_ CJ 3 

E E. 1 ^ 

CO cT 1 

>. U X 

_B 

+3 JD cO 
CJ 3 

e « <o 

JD 2 ^ 

3 g 3 
M ? a 
°0 . 3 

.S <u 5 
tS E? S 
i2 « w 



r- o 

8 

X3 _■ CO 

c « » 

^ «> <! 

E . 

■S =3 8' 

^ CO 



o 

JD 
_co 

O 
JD 
O 

H 

CO 

J3 

.a 

ob 2 
.S 3 
E xi 
■3 

CO CJ 

£ 2 

1) Cu 



A O 4> U 
« J2 £ to 

■ CO 

Cu 

<D 

To J> 
co 3 >, 

■§ -° 
1> o 
J3 0 XI 

o o 

c° K I 

'§ -S 3j • 

e 

O *; xt 
£ .2 « 



w w rj s 
i-t Jjtf 3 



*! CO 
O > 

>. . 
X) co 



CJ S Cu ^ 



« u », B 
• — > Cu =5 eo — - 



CJ 

4) CO > 

3 -g 3 

C CO 

O 4> 3 

cj c 

- "O w 

S t) C 

is 3 *5 
o 



o 

3 3 
O CJ 

2 w 

3 S 
x» £ 



2 E?2j^ 



O J3 



CJ JV eo 



4> 



0) 

co-3-S 

w S 3 

"oo ™ 2 

— CO 

2 -3 — 

S ^ 

2 JJ £ 

CO <D 1> 

^ =E E 



4) .2 

■=> tj 

CO cj 

CO CO 

J3 *j 

4) * 

C 4) 

3 3 

?> «> 



3 H 



cj cj .2 

** w S 

8 S-8 

o B § 
o 

a 2 2 

* JD « 

•S B , 
S 3 S 

^ " I 

2 g jd 

3 u 3 



oo 
c 

g 

a 



00 

a 

'E 

2 
-*-. 
i 

4> 

U4 

Cu 
OO 

c 

3 

o 

J5 



CO 

1 



5 

3 

XI 



ja 
o 



CO 



CO 4) 
*-* J3 
CO p 

4> a 
i2 E 

o -C 

0 CJ 

3 S 
L. 4) 

° J3 

I— I u_| 

cj O 

•a oo 

1 - s 

Cv, JS 

5 E 

S 4> 

« -5 
S§ 

CO 4) 

3 -g 

>> « 
73 ^ 

e « 

o o 
a — 

. co 

CO 

c .y o 
§ -g * 

^3 cj 

3 2 o 
■X3 o 3 

2 >^ 3 

•S « JD 

•5 D o 



3 ; 
O O i 

la] 

O 3 5 
>-l c 

ji> S2 ■* 

4) CO C 

13 2 ^ 

E .£ - 
•S -a- t 

l-o t 
& S 3 
S* o 1 

JD t 
OCX) I 

:S. a ' 

2 '>>"' 

-3 .jd 1 

CO' " J 
CO XJ . 
X co- • 
O XI • 
JD ? 

"2 '* - 

X) o 

t-« 

" o . 
c M 

.= CJ 

"° _e 
to 

u. ,t5 . 

co > 

> * 

cj -o 

CO J3 

« y 

Q CJ 

^E a 

CJ .3 



! 

§ 

S3 

3 



J S3 



•§ 
s 



to 
cu 



r ) 



jB co 
u "5 

2 oo 
o .S 

■o g 

o oo 
o 

e 

g-3 

o 3 
ft S; 

V) CO 

§1 

a i 

o -a 
io " 

"3 



TJ 

co 
_> 

00 'co* 

.S S3 
>x ft 
ft — 
o - 

co 



CO 



o ,0 

to a 



; -d 

T-t CO 

B 



CQ 



f2 ** 

■= u 

s? 8 



PS 

a 



r-i 

Ox lO 



CO 

•a 

K I ox N 







n 

Ox 




o 


o" 


o 

3 






CQ 


IT 
IS 


xo 


•a 






& 


r*i 
CO 


CM 
l-< 



•o ra 



<2 



</x ex 
ox vo 



< a < ra 



< n < m 



3.S 



s a 

J"* 

" I) = 
c -S 3 
< js'S 

•O 9"° 



S"3 



■2 8. 



i as 



•an; 8 

C 3 *s 



&J1 

3 +-* 

2 c 

oo — 
co iJ 

TJ ta 
CO ^ 

3 o 

Q) a 

o S 



X) 

3 
O 
TJ 

.2 



.2 ^ 

•a 



CC 

03 T3 
O -o o 

° a - 

•« .* co 

ed 

? M 
s "5 

M-, B,_ 

O „ TJ 
.£3 CO 
co CO c 

a, co .a 

3 CO CO 

S - 

III 

o „ 



<0 J- 

s s 

s ^ 

■a a 

a o 

<P J- 

■a .o 

•S <= 
o 



4) >, 
4) 

* 2 

O oo 

.s 

s I 

> 

o " 



\- s>t 



c 

u 

g 

u 

V 

o. 
a S 

S o 

o£ 
S w 

cd c 



u 
e 

5 oo 



S* <0 '- t3 
o *3 O 



. J3' 



CV3 

.S3 ^ 

« c 

O . 

<u o 

« «a 

£. u 



J a 

C u 

a, S 

s 5 

8 8 

8 c 

. «> 

U o 
Xt 

c 

T3 a) 

O oo 

e □ 

2 £ 

H -5 

a u 

o> a 
x> 

11 

•a « 

Cu t-t 



« a 
•5 .9 

o .5 

a) £ 

5 'S 

g '-a 

3 CO 

S3 H 

S § 

.§■2 

o 0 

>? a 

a 
o 

S rS 

CO 



CN <t> 



<u CO 

•3 w 

c? c 
e 

•| 8- 

CO 

S «> 

O u 

CO o 
S co 

CO T3 
« 

to jD 

s 

jj x 
E « 

'§.-§ 
S<5 



o a 

a 4a 

J3 » 

a £J 

3 3 



CO 

5 E 

•a o 

a oo 

CO t-C 

« 2 

do O 

g -s 

*** »-l 

> o 



^5 2 

O co 

3 S 

co 

to 00 

u a 
a 

2 '3 

■S a 



-c -a 

o 

.2 ° 

t 

2 -a 

t-i a, 

CO 4-. 

£ is 

■o § 

c 2 

co a 

W CO 

.2 3 

CO « 

u« co 



CO CO 
3 £ 

la 

a. a 
co 5. 

JS CO 

oo-a 
.5 < 

ii 
I « 

° 00 

.5 o 

CO - 3 
i! CO 



I ° 

o S 



c a 



.« as 3 

co co 2 

a a > 

CO co JO 
CO «> 



CO 
CO 



O O "O 



CO CO 
w C 

« *j o a 

P co > 



S © 
CX co 

g J 

a u. 

•J3 CO 

P Z 

*- -O 

a a 

.a co 



g " 8 

ft CO — ' 

S g s 

«> y s 



° o 
o 



CO U CO 

■a its H 
.w>3 o 

•S S 

^ ^ ^3 

a S c 

CO CO 

8 3" 8* 

2 || 
c » .S 

O oo ~ 
53 g £ ^ 



e 

o 

00 

a 

- - « ."a 

a 43 co co C 
** « - 5 b .a a 

co ^ o _. a 
> <« i-< _ .a o 
♦3 o 5 *j x) 

3 J3 g* § S § 
J <5 U ^ 



co 



A. J3 
CO 

u 

a co 

8-5 



'c o 

CO 



a p I 1 3 •§ 



a 

co 



co 



B 8 

■s 1 

a g 

« So 
.a ^ 
o 



a .2 — 
a c a 

~° a. M 

oo 



IS 



o 



co 



o 

d t£3 > 

a « « 

'co -"a t< 

W ^ CO 

o> >■ ob 

3 la 



^ I 5 

2> « g 
5 » > 

oo .a 

je -B c 
Son 



"S T3 O 

2 § £ co S ~ 

oo2 53 _d "o £ 

=3 I ^ -S ^ S 

B > • S3 _o « 

CE B ^ 

co a -a ^ ° 

« .2 J> 2 S » 

.a A <o 

B »j C g co 

W C O n „ 

B a & "2 S 

- E B S co B O 

& S -O C co 

a> x £ co £3 53 

■o „ -? -g g c 

B CO B O 



3£ O 

J3 

co S o 

J3 .2 X5 

W 4—* 



3 S.-O 

S &.& 
00 00 TO 



o 



5. 

CO 

ci 

6 



-a -o ^ e 

•a g -a « 
I o 
°o .« S3 ♦* 
.3 |-S g. 
■S -i, •> 3 

CO ^JS CO 

T" ^? _e i2 

g S| « 
o< co > £ 

'%n JS "g -O 

co *j u 3. 
— ■> g CO 

S3 8 «> 

a T3 -t! o 
h B 3 o 
U p ^ B> 

53 « « ° 

S o *S o 
a >-< .S E 
E ^.-a b 

3 D.53 as 

co _, c 

c/3 K ~ 

73 ^"S^ 

•2 is a. b 

ij •- b co 

•^-i "TT* 

OO ° CO 

3 O " O 
.5 OB 

a 'S.g = 
oo .y co 

-B -b -S !2 

^ « J t 

W 3 CO 



.1° ° 

a co 
•b a 

2 .2 

>a co 
*- u 

CO *^ 

W CO 

M 3 

co oo 
oo CO 

o _ 

CO 

B3 ° 

,2 'S, 
S oo 

f 

CO % 

^1 
U o 



•O CO 



CO Q 

^« 

co a 



0} 

co 

u 

CO 



•a ^3 
t-i 

O J3 

oo -g 

n JB 
o ? 
CO w 



73 



B 
co 
cO 

co 
T3 

.E o 
E E 
"a3 o 

«> c 

u 

a 73 

co 2 

as co 

y oo e 

§c S3 

V-i 

CO 



.2 _ <N 

♦3 CO in 
co o 

:§■§ s 

00 ^ * 

53 5 .9 

S3 ^"^ 
.5 co o 

3 ° '3 
g a a. 

'C o _■ 

S '3 -9 

> i3 « 
— a « 
co oo 

1 2 - 
° °<73 



•a «> a ; 
S £ 2 

E TJ .B 

o gS 

3 CO 00 

CO f— 

wo 
- C-T? 
■a ^ 
co O -n 

■° >-. °5 

o o . 

■ 3 -° !5 

■° i «■ 
•a oo "2 

CO fB O 

Ho 

"H «> 
O . i- 

a 73 o> 
o'G S 

■a ' m 

oo To 
b *a 



o cct 



g) S h 



a 

CO 5 



00 



. CO .3 t< 



CO 

^ B 

a 

« -5 o 

00 o «« 

.E Ph'Q 

5. x aj 

.ar oo *-* 

% CO 

t 2 E 

•a s 

' v u a 

JO o o 



.2 B 

G 8 

s s 

<a o 



E ° 
3 JB 



5.is 2 

■ | CO 

00 CO 



3 8 



w * a 

C .2 B 

o a - 

•a g 

c § 00 

co <o 

2i co- 3 

CO to 

PfS JS To 



6 » u 
M 53 73 

Sao. 

C3 

T3 w 

>> co «a 
r> to 

•o 3 2 ,: 
I 5 §• 

^ 2 « * 



« CO U 

8 n a 



as - 1 w 

CO . 

co i2 .H 



■o — • oo 

S -o 2 

8 S 

«> «> a 

.5 - ~ 

53 co a 

' '0 — o 

■a tj co 

■a oo 

a. S o> 

x .5 « 

oo co 3 

oo is ex, 



c* 

O CO « 

co a E 
E § 2 
g» 

a £ 
.a -o 



2 g 

0> .3 
u. 
o 
Cu 
X 
00 



85 a 

co 

a •« 

OT a 



00 "S 



00 

^•B 

Ja "O w 

O P rj 

to .a ; 
co -o 

to o « 
— a B 
*•> - a P 

" sl . 



I >x 

>.XJ 

■S-8 

2g 
'til 

S 5 



g S3 

CO u 
T3 CO 

co -a 

<o -B 



03 CO 

*-* ja 

O 53 

^ o 

oo B 
Ox O 



~: B 
75 co 

^ X 
<U 00 

CO 

2 B 

CO CO 

Is 

T3 



o ^ o 2. 



S CO 



g "o *j 



3 w75 



op 
a co 

to CO 

CO t-4 tn 
^ " j 

3 Us 

cO 

" S o 
n *-< O 

S « ■§ 

c* CO 
■B 

4 u 

2 -a « 

JB 



CO 53 
_ O 

a in 
.2 ° 

co u 
3 

o a 



_ o * 
■2 a S 

,H u ffl 
T3 co - 

& <3 73 

4> O 4> 

i ^ I 

■o -c JS 
S3 o 
•3 « e 

CO Ut — 

is o ^ 

S O ° 

■'6 J 5 



_ CO 
O CO - 

O 53 O 
^ 00 
2 03 2 

oo .2 "2 
'bow 

2 B 3 
is o g 

.3 co x™^ 

"2 S " 

B S 00 

co ft a 

^ ft iO 

« rt ^i 

3 CO 00 
CO CO 



p 2 

.E «« 

2 » 

2 2 

^ oo 
'lo £ 

to 

an 

2 

•a -a 
2 .2 

CO 



E 3 

.2 8 



^ 2 S S a 



■a P. 



B 

co 

is 
•a 

sis 

a co 

_ CO 

JB J4 

.t! To 



co co 

s c 

2 

S B 

a o 

CO X) 

o j2 
S2 m 

3 
O 



«> o 



E « 



o 

CO 

o 



« o o 

g 

2 ^ 2 



B ±i 
O 3 



g=1 



a co cu 



CO Q 

E 

O T3 

•a a 

o o 
oo -a 

a co 



>,-a 

U CO 

o c. 
E '« 

00 ft 

E a 

CO T3 

•a c 

= co 
E J= 

o 



■ — > J9 >~x . 

r> is \o 
i-i a oo 

CO OX 

ft a — ' 
^a «s 

S S s 

fc S u 
3 i2 w 



•St3 



to o 

>-. tB 

3 00 

X) TJ 



. u « 

co co 

■y ft -2 

co o 
bO-S CO 

.a r, o 

g §53 

3 8-a 

CO CO B 

O CO CO 



co CO 

.a. JB 
co 

CUM-4 



J^ 
u 

JB 

CO 

00 
B 



-o ft o 

2 X 53 

u o _ 

B J3 B 

TJ 

a a >x 

O » =3 

0 TJ 



00 



CO *-> 



T5 
B 
to 



as 



oo 

B 

'a 
'3 



oo " 
a • 



.S « 

a jb 



oo o 2 
fit 

& a 

JB O 



CO 

a 
o 

- co 
to •>! *a 
oo .a tj 

§ co TJ 

a w co 

c ft " 
S Cu 

2 b "* 

CU'^ »-€ 

u oo 
* » > 

co 3 'JB 

3 O TJ 
w J3 x 

o g 8. 

% § 

co <^ 

CO CO 



J 1) J2 

££ So 

CO u 

a m 

3 g£ 



CO U 
B>°. 3 

IT? "8 



o> 

CO 

o 

t-l 

ft 



2 c 
a s 

"B w 

I|l 
— o >- 



co 

E 



8 oo 

'^■2 



B 

o co 

" X 
00 



jb «3 



■B "I 73 b 

•6 E 3 
«3 ° 

^S 



cs 
•S 

00 

I 



X) >• 
O CO 
<- JB 

&73 
^- x> 
.2 oo 

Bfi 

CO 



O U 

•E ~ j= 

S 

43 E 
H § cs 

•S 

a « x 

J5 2 o 
"So) 

O 4-> X 



o 
Cu 
X 

co 

CX TJ CO 

„ w ° 

5 .s ■•§ 

•a 2 § 
■S - s 

CO co o 
OJ i-i o 

co '3 .2, 
S "^-^ 
ftx: 3 
o> o 5/5 

<V) CJ Q) 

2 u S 
S © * 



.So 



x" 2 o 
o§6 * 



ms 



cN 



i3 

s 
a 

•S* 

s 
•5 



.5 

cu 

•5 



J 



5 
(- 



LU 

m 

2 

g 
CD 



tr 
ui 
co 

2 

X 
O 
CO 



o o o o o o 

O CO CO -<t CM 

2 XOa H0V3 Nl ONIQIOAV SMOIHO dO % 



=2- XOa H0V3 NI'DNIOIOAV SXOIHO JO % 



3f 

PS 
-o 
o a 
"So 

-s ^ „ 

S S 2 Z 



B = s 

C3 ^ O 

£ .S S3 



00 
c 

■3 
c 
o 
a, 



■a 3 



2 o " 

Q. o 



u — ..g _ 



C— m 



S2 e « 
§ S M 

■■p <2 -2 
c 

3 



T3 

a 
cd 
r~ 
•o 

s " 
« o 

M . - 

o .2 



'5 5 c 



5 C S 

£ £ S 

r*. r\ 



D, 

a 

8 
o 



co o 



o •£ 



C CO *H ^ 

b> us a 



•3 •* 
.3 u 

<J -a 



u ~ .9 
n b «3 



o n) g 



oo « 

a b 



<n CO 



00 

•5 B 

C o 



'S 8 



I c 

U C 

£ xi 

■g s 



fa a 



J? <o 

S3. 



D. 
O 



.5 fc; o 

73 g .2 § 

— • js — 

' o 



o 

<0 

■> 

S o 



cd 



42 «J 
cj T3 

■S«8 



os u 2 

^- . on +■» 



i2 -o"-- fe 

O X> Cl 

X cj CO " 

5" <« j- , 

|'3 i >. 

" - 2 -2 

■c 5 ft s 

as (Q 4_i co 

3 "° 2 •= 
o -a 

"S CJ 

co co 
ft:B 



c 

CC 



CO 
D 

- e> 

CO 



CO 
> 

o 

3 



c 



CO OS 



■S ° & 



O 



s ° 

'S «> 
•a 3 



o 



<u 



to 

•X3 



-a 



CN 



■B 

t> 
& 
sa 

CO 

"to 

'S 

CO 



o 
c 



3 

o 

T3 
C 
CO 



« .2 

5 co 

» y 

■° 2 

3 -2 

co CO 

O £ 
a O 

CO r „ 



j- T3 
cj O 

o 2 
s *- 

ft co 
oo ~ 
C 3 

CO 

CO (J 

3 v-i 



t-H c «1 4> 

«-'«,«<£: 

T3 .hi co 
U d h S 
3 ft S £ 

-S ^ 1 "5 

co ^5 cO O 
g 4) S O 

04 is S o 
"3 •£ * 

26?^ 

5 ? N > 
a R 

S 0 S c 



c3 
C3 



J5 co 
** 

•o _ 

e co 

CO 3 

JS ^ 
£ «5 
° 

3 41 

s > 

o 

CO 
O 

^ c 
3 o 
o .-- 

J3 
co 



tu *^ ■>-> 

■S >» * 

o •= "O 
8 

" X « 

i) S o, 

O ft fo 

>,E 8 
• ~ S o 
S * 2 
"g j= ° 

O cJ 
° «5 



C ° 



"B "8 s «« 



ft eg - 

«J q ftiS 

u, o g o 

3 « o O 

O C O 

CO 



o * 
- S 3 

o 8 

= 1 

o o 

oft <. 



is 



O CO -° 

b tS o 
™ o c 

ft* ° 

3 O *j 

P w 

no 3 S 



o 

Scg 
ft 4) 
O 

co S 
«> O 



O XI 

3 V 



«"8 

§ ft 



.2 



- CO g u 

e "° -c a> 

3 CO X u 

h u ti e 



"I 



ft"" > 



s ft ^ 



O tJ B <U J, . • 

- ° H h » .£P 
•§ S 81*. 



^ 60 CO ^ g 



t) -5 

CO 

ft^ 

- cd 
50 = 



X) co 

§ " « 

ft CO " 

w U B O . 



' CO « co 
^ 8 £ 



3 



xt xi .2 

3 CO 
= o -55 
x> o 
ft 



^ =§ S ,SP 



'3?*S 
O co 

■3 o 
ft 

co " 

2 x 

ft o 
- X) 

3 "5 
w co 

o o 
u 

CO c 
CJ 

u M 

js .a 
^ 2 
a ° 

s § 

<u ° 

•I 8 
E ft 

<D X> 

o> i 

ctj 

3 



co O > ** 
C ™ H t? 

•a 2 - 2 

2fti-i rt 

§ So 

X) ° •■ 
5 M 7 

QJ JJ rj (-• 

S? w X)co c *0 
•"-gOocoXljj 

sScS^ftS^b 




o S x) u 

C W> CO 

£ o « o -a -a 
8-Z-S 

b 1 «i 

S i> -a ft £ 2 > 
" co i-c t: ii >t 



CO 

B CO O 



CO O 



"2 ^ u 
« g ft o 

(50 O 
2 E 

S " _ 
2 



° o 
5 



o 

J3 3 - 



«3 S 



O co 
co JS 

^ w 
oo <0 
5 2 

B 

CO 



r> -r! O .3 -rt 



p x» 

ft 13 

.O -co 

O 9> 

« .22 

3 5 

•B 2 



•O B 

s ^ - 



co r; 
O c3 

3 « 



•c 3 



2 a 

o <u 
•a E 



-22g 

! -° ? - a 

* b » H xf 

2 ° E.S 
jc -a co - 

OCX 

_ co <u . 

— O 

CO " O c- 

EXI 
. CO 



'to 



co 
O -3 

S -o 

ft & 

§ g 

la & 

NO 



O M CO t-t 

- — l-i o 

CD clS 

s -a 

o u 

:§ s 



.5-l2 

CJ CO 

c s 

CO H 



C co 

£. o 



U 3 3 
•£! J3 .3 



^ H ft 

» () . CJ 

CO -° g S 

- I« w > 

w X) p ^ 

rt 1) "> (O 

.3 Ui ? is 

CO XI .3 



CJ 

3 5 

2 S 

CO <, 



o CJ 

J3 > 

** O 
-JO 

c2 « 

CO « 

5 cj 



ft I 

X ? 

o 

^ B 

C co 

S .3 

cj CO 

tu CO 

33 co 

XI J3 



•CN -5 



3 X) 

S co 

ft — 

x XI 

t> <u 

u 2 

J3 CO 



C^ 



5T 



CJ 5 (1 
CO O £i i-H 



XI o 
— JS 
CO «-• 

tH 

3 — 

XI < 

CJ 

%4 

Ui *"* 

0 M) 

■co"2 
c S 

1 CO 

< £ 



6 ii « co c w 

ft g»J5 3 E u, 
_ B _, P ,„ CJ 



ft 

3 . 
O 00 

obto 

- oo 
CO B 

£ 2 



3 __. O 

O ' M 35 >-< 

S c o oo 

*j co ^ >o 

B i! 3 rt 

> £ * £P 

•5) ft-a-g 

cj 2 co •« 

K d o 2 



4J CD 

xi 2 

cj o 

.5 xi 

CO CJ 

-b 2 



JC 
u 

CJ 
■ JB 



CO 

"* n K m 



c3 

j> ft 

Is 

G oo 

2 ^> 



§•2 
2 x, 

00 CJ 

_x 3 
'co cj 
CJ o 

2 ? 



co cj 
CO cj 

■g« 

S B 
— 
" X) 

CO CJ 

§1 

S 8 

3 « 
I ^ 

E 

CJ XI 

ft 3 

CJ 

O x5 

2 H 

co X) 
cj CJ 

cS 2 

O CO 



B 3! 

— CO 

B „ 

^ CO 

5 B 

CO O 

co 2 

a g 



v-i XI co 

2 g 8 

CO ? t. 

2 o y 

3. J2 c 3 
00 » ^ 

S XI S 
O CJ co 

. 2 3 

■a g 2 



CO 

B > 

CJ CD 

E ~ 

"g g 

ft 

x o 

CD — < 

b£ 



O 2 



CJ X3 ■>-. 

•i 6 '5 



si o 
2 ft2 

CO 



2 -5 

a .SP 

itJ 13 

^ CO 
CO 

2 » 

CD 
00 
00 

3 3 
O '" 



_co -53 

CO CO 

•G -B 

W CO 

00 ft 
E 3 

2 2 
« «> 

ft ? 

=3 2 



CO CO 

*J _ 

c 2 

CJ co 

.§ 2 

Ch 

CJ CJ 

ft .B 

X f-H 

nl c 



CO Ut 

i; ftJ3 

o o 
S o x) 

ft C CO 

° 2 2 

a-s | 

« c g 
•c .2 ^ 

<-> G B 

^ CO 

o £ >> 

H-< g .15 

Jos 

3 S | 
? " S 

2 « 



o 



cj 
2 o> 

CO 



•B to 00 

CO Cj -7T 
CJ Q JO 

« c n 

2 II 

'g .1 § 

3 «i o 



in 
I 

s 

3 



IS 



o 



* L 



ONiivNiwiaosia smoiho % 



o 
z 
z 
< 



OliVU NOIlVNIWIdOSia NV3H 



a 
c 
o 
c 

.o 

s 

o 
u 

to 



bo 
S 



' > <0 *» Co - O 
Q X3 u. O *J H _r> 
o co a> B w -J *3 

g g > -a .§ 1 § 

*S " B o w 2 — 

.2 8 



■o cj o -o -x B ~ o 
o .2 12 2 £ -2 8 

» » o « mo g 
II 

|S 2 * 



'5b t5 fi 

« O » >i« B 
O n * £ ^ 'J 

■o -S ~ 5 o * 



u s » 

w .s 
? o <« 

0 «. c 

« fcj co 

— O !2 
« CL O 

1 -a « 

3 



_ T3 

B tu <u 

■55 5 

o <o 

g -c 



2 <o -a .„ 

J S3 8, 

a £ -u 2: 

* . g o 

co w ~ P f3 3 

o 8 g b 01 " 

o tS S - m 

« 4> .H -p J3 o 2 



4> O 
B H ° 

o a » 
§ g 

00 co .2 

>> CO co 
C 

8 



s 2 ~ 



03 



2 2 •« t; 



^ S -a S 2 S -2, 



.£ H 

ca £ O 

i) 6 S 

.5 ob c 

<* a 

i3 sS S 



o 



CO 



hi 



* c 



c O 

1 z 



DNUVNiwiaosia sxoiho % 



o 
z 
z 
< 

tr 

LU 
CC 

a. 



ouva NouvNiwiuosia nvhn 



iB u o w _ >-> pr 



I- ^ tt) _ — ' 



S S c 

♦S ra 5 T3 ~ ' ~ ~ 3 

ojXsJ'l!" op-e E 



E 3 (I 



Mi 

bO to ^ 



_ - _ - 5 § s 

?? 8 I « S f J 2 .2 H 
is § «»J2 S S j- « « | 



£ S o op 



> 

..•3 



a. " a. o o 2 2 Z 
u 

s 



£9-8 



§ s n-a-o B «* 



" a 5 * h J5 c -° — 



i IM 



.3 co ^5 ^3 
u C3 © c OT = 

V a J c .2 . . _ 

m- o o"<" o .2 o S 2 
w oo-n w o ,3 v5 ^ 

I S ° §e g 8 s i = £ 



^1 



fc< J3 J3 '-5 -S * 



wT o 

<o 

o 

S 5 



c 
o 



tion 


.9 
•a 


U 

CO 

<u 




c 


G 






u 


3 






u 

l_ 


c2 


CO 






CU 
3 




o 


B 


O 






U 


l-t 






O 


00 




B 


t-i 

u 


•o 




o 

T3 


D. 
O 


ine 




bea 


cp 


CO 




O 


re-ti 


B 


■o 


CO 


CD 


V 




(X 


O 


i~l 


o 






he 


o 

00 


non 


pe 


■*-» 


s 


m 


so 
e 


>* 


he 


•O 


oidii 


o 


x: 


an< 


I— 




o 


?• 

CO 


na; 




m 
B 


J2 




*-» 


o 
o 


o 


"3 




15 


> 


to 


<u 


u 




8 


«-( 


reia 


x> 


O 


73 


_>1 


tage 


he 


O 
*B 


ain 




bli 


S 


B 


B 




U 




3 


<u 


,erc 


vith 


Cu 


ang 


a. 






u 


a> 




B 


to 




*« 

E 


OIA 


age 


ps, 


u 


pre 


ent 


rou 


tests 


3 


ere 


DO 


O 





o~ ~ ~ ■■= 











■g 




8 


\ 


S3 

•s- 






1 




t 


r-* 




s 

c 


\ 


experir 


} 


•3 


% 


J* 

u 










A*— 



o 



5 Z 
" 5 

2 •- 
g to 

UJ 

H 

o U. 

CO Q 




1S3X NO ONIiVNINIUOSIQ % 



5 Z 

" 2 
2 co 

UJ 

l- 

o U. 

co o 
UJ 



OUVH NOI1VNIWIH0SI0 



CO 4} 

O (9 



o 



■o 
e 



3 



31 



•S - c * 
-5 o o 

•O co 42 

"L, =3 M 
£ g 

rs 

o a 
•a a. 

o _ 

S « 

•2 -c 



00 



c 
o 

T3 

U 

c 



3 

u 

3 

■a 

4) 
U 

o 
td 
a. 

c 

2 



c 
o 



2f a 



B 

a 

o3 
_c 
"g 
"3 

1 3: 



e <o 

CO B 
O 3 



C M 
O . 

' ' 44 



a! 



co 



o 3 

7s .22 

— X! 

■ ui ■*-• 

5 o 

u "S 

-o '~ 

00 o 

3 2 

i - 

6 * 

O CO 

° 3 

w. O 

§§ 

r . nl 

**-t. 



12 oo E 

B.S S 

M .5 * 
3 m 

Q 2* 
• °* s 
« 3 « 

<1> -w C 

o-a i 

C3 

w O O 
C *? 

> | - 

3 to 



ca 



CO 



ca co 



E .3 

O ca c 

c s e 
« ^ v2 

00 o 

r-l ' W 
J> § "S 

« « 

He- a 



ouva NOiivNiwiaosia nvsw 



o 



St 

to 
s 

<3 
to 

-a 

-Q 

6 

1^5 



o 



z 

§1 



Q 
UJ 



c 
o 
c 
o 

o. 

u 
u 
CO 



o o o . o 

tO <0 t}- > CM 

DNI1VNIWIH0SIQ S*OIH0 % 



* S3 



a 
o 

o 
o 

u 

O 

H 



2 
o 
i 

CO 

■a 



43 T3 

p a 

U to 

2 .a 

ca o 
<-> 43 



f -3 
•si 

II 

_ X 
CO o 



i-l _S <" U .3 >i 4. > 



> t3 
o o 



S 73 
•a £ 

3.5 



JD ' 



o ±e ** 

" T3 
<0 



« .2 •§ .g j> 



8 

B 

m 

'3 
> 

> 



43 

T3 

<U 
S 



o O 
X) « 



w u u ti 

. . IO 



a 

<d B >-< 



u 

43 



53 e S ~ 



C3 O S 



•3 * 

to O 
«J 

- a 
■a u. 

il 

43 

B Vl 

t-t B 
1> CD 

O 

t; » 

S3 .S 

■s s 

o o 
•S " 

60 5 

n ra 
ca ui 

V-i 

B 

o o 

§^ 

b 73 

- £ 

.B 

cu «-> 

U) CO 

? V 

B .S 

i- s 

B C3 

w . 
rv v-t 

>< O 

S to 



B 43 a 

2-I-S 

co 43 q> 
■w ■*-* 

•Sou 

<l> 



S g 



O IT) .J, 



6 s 



X) 
4) 
O 

u 
a, 

8 



B » 
B a 



H » 



— -5 n 



8 



M O O 

GO 
^ C ^2 

! « 1) 
r-H 3 43 

.SP'> -a 
[l o e 

•8 3.2 
a ° o 

D,ce t-< 

8 1 S 
.2 8-2 

co B 

■H — U 

13 CD 

2 "-n £ 
.§ § » 

a. o 

ga° 

« c « 

CD cy w 



^ — ^ co 



u 
■o 

42 3 



CD CU 

■S.B 

U3 S2 



8 o 
£>-S 



« t3 
' ' B 
3 
O 



4?.i 

5 " 
Pi s 

>> a 

O co 

o "° 

co" ^ 
B co 
o ca 



o 
D, 
E 

£ 73 

o *-■ 



-E •§ S " e «w > 



>> ■ ■ 

■ - ^ B 

3 18 

ca oo 

^ S'5 

J4 8 -o 

y ° <= 
* a, 3 

a) 5 ^ 
•5 '> o 



^J- ea 

g.a 
.§ e 

a) .t; 

S s 



cl ca 
o JJ 



.3 t-i 



*1§ 

£ .° - 

•o li — 

o .5 

c ^ o 

.S (J 

ca ~ rv. 

o •& Z 



c ^ 
3 S 
B 

.2 E 

4^ CL, 
i-i o 

"S o 

to 

•43 OJ 
-5 3 
43 



" 43 

CL) t3 



w „. u 

B«l 
B 



» .5 

1 2 



.S B 

•a « 



q 0 



3 

a,: 



o * 

O 43 



§ s 

V3 3 
O B 

I 6 
-a m 
.3 -a 

r-" ca 



ca <a o 

*> °2 o 

w ca t£5 

o co ca u 

O > O * 

£ 2 u -a 

,=> _ 43 CO 

to -a « . 

is e ° § 

c CO CO S 

i-s « § 

E o o s 



0\ 



£2 

J3 



Jo 



•S 



o 



XS 

a 



ra 



o 

a 3 



o5 « w o 



? * 
o n cj o 

CO 1-> 1-t 1-H 



o ? £ 
n Q f£ 

u u ;t 
^ o , a 

- c .E .5 .S 
*5b "3j "So Eb 
co o co o 



- > 

>> £ 

S 8 c 
S S d. 
co « O 



IS 

O J3 

u> ** 

' M) 

v> C 
O O 

SP- 
3.S 

is 5 

.-> co 
• = o 

is 



II 



e 3 
= 2 0 

8 £ ■» 
If I 

3.1° 
Pi 

§#* 



» 

a 

S 
E 



'I 



n 

a! 

E 
E 



e >> 2 
n 3> « 



o & 
on o 

<£ 

a if 

EO 

".e 

>>"3 E 

< "H ■£ 

E 2 jefT 

CO E> "D 



.3 S S 

« 52 
O at 

■e-n 3 

■ fl = 
s 3 a 

Gg.g 
■S 0.'= 

■5|1 



IS 

* 1 

s-g 

5 E 

f s 



ell 



C ° C £ 

S "8 £§ 

£ S He 

n 3 So. 



3 c 3 " 
- S.o o .S 

a *" o *S c w 
m o w a * 

I*II=! 

Ill 9 1 i 

2 s 2 J ^ * 

.5.5E c 

s> : * 2 -s S 1 



s? 



a, 

.S 
c 



3 

o 
> 

ra 
J3 
«> 

J3 

<D 
60 
C 
CO 

■s 



u 



ra ifci 



0 o 



X 00>Q 

O e ao <t> "g • . 

o c 1T2 e ^ O 

ic ~ S o _i2 

""S « 3 E > = 

is J3 c ra ra w 

§ cq o. g» g 



5 8.3 S 
■o-° 3 J3 

•° 2 — 

CO *1 t*5 

o «i x> - 



c 
B 



ra 

CO 

JO 



all's 

M >» . "-a &• » 
C -° t? n a t> 
• S5 « S 3 w C 

O « C 06 £2 

o J d b o ~ a 

o. 'a t! !J e 

S w P il 4) « 



Ou SP 



>7 S -a « ^ 
i) S 1) ^ 
^. 58 S 

I 8 S g 
2 -'■s-g 



„ .a -a 
" J 3 ? 



a. 

- 5 °> 
c 3 .is ^ 

I-s a. 3 



00 <v> 
■w ^ "X3 

.« 0 S «.a 



ra ^, 
- x «> u 

o ra S 

BOSS'S 83 



-Q 3. 



— . y 5 4) <l) O • 



o 



o S x> S 



•§ 5 a -s I 2 § 



jS> ra 



5 5 o -« '3 
> 



ra S 
S g 



ra ■ 



"5 £ u 



J3 



5 U g <ti 



<u ra 
ra co 



\a .H *3 r * <-> o 

^j; « Jim 'j3 _ 

3 () J O > B 

.a s Jb 3 §• s - S 

j VD >i_i •— t — ^ "~* 

^ 03 — - 



2 § » S g g 

. C c (U 'c g O 

1 8* « 2 D -I » 

a ra H u « 2 

E ^ > -5 ^ ra 

v £ t? c o 

« H 'C w g a >> 

« = » 

H n 



» 2 -3 u = * c 

"3 o 3 « o o 

•a ■« « o o g c 

u i> J* £ h u " .- 



WIS 3 O ,g > £ 



£ 2 - " o S " 2 "S S .£ 



.S xT 
0^00 
o ■S o S 

u ^_ 2 

« 0 =T 6 

3 S .5 
2 Q..5 2 

■i ^ •£ 3 
>^ a"S 

ra 2 m>2 
ra c ^ 
co .t: '0 ct\ 

ra ra o 55 
5-2=2 

>> a -o % 
5 £ S P 

G O co 

2 -2 c § 
= 12 .2 o 
a. o « jb ■ 

Cco <0 

ra xi <i> 

a "S £ s 

c w ** 5 

S £ 3 - 

ra&<2£ 
u. c — 
-0-5 - « 



a.. -r 



a 05 



3 



00 

IN 



i O 

I <o 

» XI 

! S 
• ra 



o 
j£ 



to c3 " 

ra 

ra 3 

cD g 

00 O O 

.S 2 m 

" R _ 

O C3 

•rj O 

« " 
+-i .3; 

ffl J3 O 

ra 



C B 

— o 

CO P 



CO " 0} TJ 



C 5: „ -o 



C J=! P 0\ 0) G «b* x! 



ra c 



.2 -° 

ra 
> 



0 

. o 
u O 

a 

o > 
u & 

u > ft) 

■~ - w 2 

113 <o 42 H 

.£ ,u io <^ 



ra gj 

» 2 
.5 x) 
a. « 44 



M *— * 

OX) 

O, « 0 •= <3 ti. B n 2 .._ Q 



B 



§ o 



SI'S 8 



d 5 fl 



Id f \ *-* ^ C"? 3 6 22 _ 

U H V "^5 -C 3^= 
^1 „ — r\ ?-» < fl \ 



"S JB 

O o o 

■a £ 2 

.2 -° > 

u fj -o 

°* ra £ 

MO 8 



CO 

r o 

1 vo 



|| « - ra a 



O0X7~ XJ 
S3 « 



■a S5 2 !S 2 ,gJ 
5 



CO ^ 
W CO 

33 



H> *■< 3 



■o •£ .2 

■a § o 

J° o a> 45 

u S ra s-, 



** o o e 45 



O 



3 «> K 

H< co 



o .5 



u ra 

S3 > 

a « 

o o 



U 



!2 S> S « « 

b co x: x; 

ra w <-• 

2 2° 

B to 



1) 
B 

O ^ .. 
00 Q" 3 



<« -5" S - S 2 



SP'ra £ •« "5 



u» ^3; 



53 ** a u 
Y e 5 S 



« - .3 

b 2 « 

s 3 »- 

U co 



O 

00 § c J3 B 

ora w w ? 2 5 ?! 
""■S*" o ra w — i; 

c-Sj-^ >--^^ ™ 
Mco o-gS'C— b 

£x:«>' D 3 t/ ' e;I t:"3 



« 3 S " 13 



.S3 < 



- ra 
00 

s td 

.£ 00 
a a 



o 

0 >» H 



o 

B 

2 



0,73 o D< ra 

£ -o 
j§ 2 



a£ = g-Sx!c!!2 
i2 xs «-°.a 00/j = 

B co ^ ;b 1—1 



a « 

ra 

og2 



3 w 

% ra 



> 

CD 

o 

« EC 



CO B 3"»v 

M-i ra 

o .2? 2 
•J " s 

J .3 § 

-73 ST" 

•£ S — 

<u XI "° 
00 u 
a -a 
ra u 

a ~ ~ B 

1-S5- 8 



B >> 
U B 
XJ ra 

* E 

>> i2 



. JB 



B 

SO 



ra 
x> 

3 

o 
B 



bos 
a. K a 

B £-£ 

iS S3 

o <o 3 

.2 c 

3= o 

to c- o 

3 - O 

III 



00 . 
B H> 



•m^JJ 13 3 21S"!3 

33 CO 4-< O 3 hn ^ 

' 2 3 * - .2 S 
.£5 c ^'o. > a 

■■ ~ u « 8 §■§ 

ra XI °< u 



"? ca ^ 
£ J3-° 

« C a 

ra O 2 



u 

u o 
a, *- 

^,1 o 



X! „ 



2 5 2PS'3 



b --g cu 

•2 5 8. J 

3 * - 

3§ R 
» E 



0) — 



03 

«J co 



CO n) 

X! 



c B U Q TO O ^ 
co 3-2 ^£«>-5h3i R 



™ B y o o 

** B >. co E i"<f. O^O 

• s S S 3 8 ^ 1 "S 3 ? s 



3 ^^-s-s 

3 co O •- o 



2 3 



»-3 5 



. a xi u b 

ra ZJ - xj '3 fj 



ra « 



8> o. 

g - 5 R 5 E 

00 ° 2 - S 



•fi. 0 S3 « 
00 „ — *j 

— o" "o >. 



X> H 



2^3 

a a S *o 
o o x: 



C3 



■ s •£ e "2 
•33 ra 



1H 



a. 0 
2 -° 

tx2 



g - 



. , T3 

O <D "B X) 

x; 3; ^ o 

co a, ? K 



8° 
.s-S 



2 a « 



x? B 
ra 



a 

o 2 

CO w 



ra 

3 'O 

rt rH 
. 



.S « 

u 

■g § 

B u 
CO O 

CO 

00 O 

. .3 CO 
B «J 

CO 

a 3 



■2 £-n 

E ^ 3 

S e - 

* g a 

E =5 

a « 

E « 



M Cv t-i B CO 

05.000 

o, y B ra "t; 

^ o g £ a - 



? B 
CD — 

3 ■£ 



OU 
•4-0 



o 8 § 



(L) 



2 ° '55 

3 o 

S 00x1 
o ra 

3 X! CD 

is .y j° 

co "a 
— * * 
ra > 
^ a 
2 K S 



6. « 
£ 



« TO > 

co a £ — 

= Sa|- s ° 

x: x> m *ti 3? 
^ ra Q E 

_ a . cu a « 
S .tj OS -3 - 

,0 



CD 



O lH »- i-, 

5 a 5 « 



GO.B 



G cu 



•a .-a 
x> 

15 



"§ 2 

G 



B 

X! O 



-^•£ga = -S" °a ess^j^ 



• - o 



S 00 13 _ ^ 

» U H J S • O O 

00S ra.2Po^35 



w x: 3 .hi S . 



J3 3 -3 

« a m 
s - >. " 



o » £>xi E 
a ^ p S 



& 1 -^a - - 

/-\ • « CD 



CD 

a b S 



o « 



o 

a -c « 
.2 >, 

j° • 



+* 3 i2 

is -P U 



a 2 o - 



2 I s'"s 3=3 a £ a 3 



CU CD 
£ U 

•B C ~ ^ J- "> 5< ra a ,Q ra 
^ragSHg&g-IUxj 

O, a. xi « cd 



CD 

'.•Sot: 



O \~ 



o £ 



3 33 a> 

Sua 
8. > E 
0 ra QJ 



1 I § § S I 

B > co co <D 

CO CD ^ co CD O0 

1-1 1-1 ^3} 33 Ui B 

2 - ^ o - o 

D.-0 «D ■B V ~ 

c « s « ^ 

1 2^-oS = 

i2 ra j- M -b co 

.2 a * 13 s" -2 

oo.S O0-2 .0 ■« 

.£ ^ .£ 3 ra g> 

a t; a \b B .5 

'3 P 'S |j « 



mm 



S 

a 

3 
■S" 



tu 



-ii 

CJ 



o 



> o £ .S g; "3 -o -a "2 

11} '8 CO . . 3 



3 T3 

«> 53 
«> .2 

■§ s r 5 ~ z ~ I 



5 I S I -g 



-a x; 
<u u 

*-* *3 

c x: 

CD > 
to 

U >, 

to 



X) 
C 



■g JB .5 

CJ 4- 

3 j= 3 

q >j 



5 § 5 | JS 
I 1 .3 if 



1-5 8 



X to 

CD ~ 



CX-O *"* 
CD u 



8 

8 co 



O CD 43 



1-4 V 



„ 3 O 
3 CO i* 

■a S a 

CD ^ o 
o co c 

spsj jg-g § 

- 2 <d ?- 

w « w -° ia x> 

2 S -C 73 V to o 

■3 <d _ e 



a. 

3 

c to 2 
DO O OQ 

- o-u 
o X! 



■o 

. S a 
tt x> 

CO 4_l 

xi is 

2 3 

3 2 
CD 3 



b 

(3 



60 
8 



e . 
o . 
a. 

8 



CO 



O 

CO 

CD 
J3 



to — : 
oo <o 
3 'fi 

g aa ii ^ "o i2 .2 
ocsx>c0cj._xt 

x> 
cd 



-o" O ^ w 

J* 4-4 4-t *™ 



co ji 
0,73 

3 



O 
X> 



~ 2 - « -a 

„ o o « a, g 

a, K v-, 3 js t; 

- o 



00- 

co 
co 
O 

u 
co 



■9 g^S o 1^ 
•§ "S & f | Z S § 

•3 _Q . .3 o 3 co oj 



•* A cd <u 
co g " 2 



co -O t, -s O 

CO , rt P 



a. 

a) 

E 
o 
u 
u 

JO 



. , * x 3 2 c 

3 o^^P^-a^ ooS 
gjs^cs , 2* c e 

B „, 3 '-' -a o . '3 » 



3 

» g 

rt cd n> 

^ - 0 -° 

2 CO - 

— • JD 

a) e 3 



la & 

J5 CD 
3 

■a 

CD JS 

* •? 



3 

CO 



8 
O 

a,/-. 

W IT) 
JD 00 



CD 



CD 

<D C ~ 
-3 3^ 

-w CO CCJ 



_ CJ 

c« & 
w x> ca w 



o 

. - B 5> - 
(jO "7\ co T3 

■ u » o 

w S 2 
- &■ CO, 3 



x> 

CD 
O 
O 

« 
c 

3 
O 

•a 

as ■ 

s 

1-1 . 

_o 



3 

« CO 

3 „> 

3 S 

o 5 

C P 



co CD g O0J3 



73 a w 



3 o 



- B .S 

" CS 

5 ** 

R 13 <o 
CD 



.OCX) 

CQ O CJ •— i 

>t Di b0 cd 



CD 



CD 
■3 



CD 



S 2 



CD 



X) CD 
CO JS 

° IS 

X) O 



C "O 

ctf nl 

S CD w C 

S 'S ■ - -° fi 

c a 73 S cS 

3 £ CL CD 

3 3 O S. 

u o « 

>, C 35 .>> 



« 2 



7? c — 



iS-s 

c Pi 

CD C~ 

r-< <2 3 JS 
>" od'co ^ 



CO 

— 60 

M .S : 

CD cj 
Q. CD 

Q. 



co 



« S 3 

14-1 i*S —3 



c3 
CD 



CO T-J 

« 3 

D, co 
3 



5 § 



15 2 S 3 3 



^ 3 

O 



60 4-> 

.3 S3 

CD >i 

O JD 
co g 



o 

a, .. 



XI 

co 
CD 



XI 
3 

ea 

f> 
x> 

•2 

CO w fh 

to \J 
O 3 ^ CL- 
Q, CD 



3 

CD 

: 3' cd 



o 

3 

O 
u 

CD C 
> >M 

■Z3 O 

CO 
3 



O 

S 

CD 



CD J3 

a. o 



r- . CS 

73 « ^ 

ill 

41 



3 .a <d 



8"H 3 



CD 
60 

CD 3 
j3 co 



3 — ' *-* 

O ID — 



3 

j= .2 



E CQ 73 



CO T3 
CD S 

■ S CD 
5J) JO 



CO 
J3 

8 

3 

CD 
X) 

'S 
u-i 
O 

'> 
3 



S 3 C « P 



Ui w 



£3 



8 

CD U 

XI JS 

<S 2 

3 « 

.5 CD 

3 3 

CO CD 

CJ 3 



8 S. 

u g 
a, xi 

to ^ 

« "S 

CO u 



q, -g o 

CO Jj CJ 

P e 3 

^ e 0 

30^ 
•£ co 

«? ^> XI 

CD 



O 
3 

O 
CD 



CO C 
Q. 3 



XI 



CD 
J4 

CO 



CD 

tn CD 

g « 

a, cd 



CO O 

XI X! 
a cd 

CD X5 
X) ^ 



G .CD 



>^ o 
CO «r< 
CD ^ 



3 



J3 

■o C 

XI 

O O 
^! 
0 

CD ,X 
CXTo 

5^ 3 
>> CO 



is xi 

CD 

« -O 
to 3 

00 ^ 
3 



CD 



to 



8 

« .2 



O.J3 



3 cd 

■2 o. 

Js 

CO 4-> 

> 

v <D 

CD > 

3 'S 



3 S,S „ 

a — U » 



f w 2 xi ~ 



8 



X) o 
CD 3 

x) .i2 .t: 



w C3 X O w 
CD ri .-^ 



CD S2 
& 3 



u 60 

g !Z to 

-2 CD 

3 &2 

co CO *J 
^ 3 
U CD 
w C 



giS 

CD 



O XI XI >> >% 3 
e* (1 7^ " ii 



2 53 



CD ZS 



C.I) 3 e 
a xi 3 o 

CO 

3 



CO 

3 

c « .g 

3 co 



"C co 
CD 
> 

CD 



3 01 

8-5 



8-= 

•c-S 
•a s 

•3 * 



CD 
XI 

'55 

3 
O 
CJ 

CD 
> 



CD 
XI 



8. J 

to 

CD CD. 
I- XI 

S •=! 

."3 o 



Qui O 

a. 



XI 
3 

3 10 



CD 



CD XI 

> co 

* CD 

co _o 
CD 

CO 

73 *■* 

E 
o 



CD 

O0 ^ 

•= 3 CD 
•3 *r3 ■»-» 
3 co 

co .-a 

r- JC c 

§ w 2 
•g "2 -a 

CD C 

tO ITI CO 

0> c-t-ci — 1 

CO >\ 

• J3 



3 

8 

o 

O *J 

to io 

13 S 
00 "2 

.S § 

3 60 

CO C 



o 

S ^3 

CD 3 

S o 



jx: -3 



xi 

CO 

« 

« X) 

3 2 

3 1 
CD 



O 

CJ 

ci i 1 1 l, B 

3 oof 3 60 

3 U 3 

O ^ £! 

— 00 

CO XI CO 



8 § 
8 o 
3 s 

to 

<" 

o x. 
3 » 
.2 3 

"C 

0 CI 
4-> J3 



•§ 3 



x: o 
-*-> 



Z S * 3 



_ 60 3 
CO 8 CD 

ii 2 S3 
cd co la 

CL, X) XI 



CO 

CD CJ 
> O 



CD w 

8 CD 

o -c 

CO co 

CO > 

XI O 

CD O 



S3 3 !A 



o 



■a 



o 

cn 



•3So 

- « § 
u js .2 

C3 



SS8 

3 s-5 

.3 j=i — 
3 " CD 

0 vS 5 

1 - s ^ 

I S co 

i3 

O CD O0 

•a c 3 



5 



o 
o E 

CJ CD 



Y 3 

SP > 
0 o 



11 Or 

Ob 0 ' 

g E 
E 



60 J3 CD 

•a co *-> 



■S u 3 
*-* 

E TJ ■« 
U 3 3 
JS ra 

O 3 co 
> 3 3 

.a '3 -2 

— H 3 

*-* • > 
co o 3 

~ § 8 

3 to co 

CO O 

' " Oi j5 

°' 60 Si 

3 .S S 

3 8... 



J3 =8 

O c0 
3 

to CO 

a< 
o 

13 

i-i ^ 

Q, 3 

cO • - 
3 

*-» 

'5 3 

3 TJ 



£) xi 



CD 



00 
3 

'5. 
Q, 
co 



" "5 

2-E 



JS 2 3 



O CD 
60 -° 

3 ;» 
173 



a. 



CD -3 
60 S 

a 

C 2 
^ 3 

CO co 



xi -5 



fD tj 
J3 



8 

o 

8 

CO to 



S 3 
O co 
S o 

is 



cd e _a 

O XI 

2 j3 b 

J3 co 

° 00 3 
2 -S CO 
-COO 

t: .a « 

t! 60 
0 .2 3 
— )-t 

CO *± XI 



3 co 

■ XI 

e 3 

2 8 

3 CO 

3 in 
3 

X) CD 

s s 

fj 8 
O 



. O 

W CO 

"| 

2 a 

co E 



to* CD cd" 

5 3 X> 

2 « ES 

E o o 

<o co "° 

. . 3 CO 

1£ 0 — 

c o 

' c -a 3 

3 '§ 5o 



■8 



•3 O 



.tJ .3 .3 J3 O 



CO fD 

s S 



JD O 



CD CD 

CO d 

2 M 

■*-* Uh 

u O 

CD 



3 Jj to 



to 

J3 O 

t»-i >. 

O CD 

-. -3 

o 

l-i . « 

- 3 /— s 

cj XI C** 

O CD t-i 

" S "S 



i- .E o 



CD 



cj 



"8 S 

> 60 

■3 3 

> 3 

.E J 

co XI 

CD CO 
CO 

S 2 

o H 



a, op 

. u 

CD jD 
co Ji! 

jo 73 co 

x> 3 o 

CD "5 



"> i-H Q. 



XI CO 

3 

co >, 

'3 >-> 

CO 

3 ^ 

CD 

1,3 8 

CD fO 



3 « 



cJ « S 



3 5^ 



CJ 

•a 

O u-i 

2 0 
a. cd 

2 



60.2 
3 



3 
O 

Mi cj 
O CD 

«.§ 



2 S 



3 _• 

Zls CD 3 

> CO 

S2 o 3 



-ri 3 

3? -a <2 

_ W 

o 



CD 

a, 



8 8 
3 

g « 3 
x> 



3 3 J5 



co i! 



E 

X) 
O CO 



=2 -8 



O o 

6 ^ 



<D 5 

2 00 

j2 CD 
Q.X) 

CD CJ 

io^ 



2 3 

r° 

3 -g 

a & - 
« 



co to 
<D ^ 



5. " ? 



JS CD ™ 
7» J3 CO 



CO 

X to 
CD CO 



XI cO 

8-8 



3 
CD 

CJ XI 
60 CO 

co g 



CX 0 

co -° 
CO 3 
^ CO 
X> u 
"3 co 

>2 3 
o 



CO 

i2 <a 



■3 o e) C « 

— -3 b « ri 



3 u 

J3 u 



£ 9 8 a 

CD 
XI 



2,13 o 



— 3 ?> 

3 .5 l-i 

o co 73 

18^ 

8 .2 2 
3 

CO 3 8 
O -3 
O 3 
co 3 

c0 i< 

js o 00 

js " ci 
o u w 

J3 2 c, 

CC co 

2 3 o 

to J3 CJ 



CD 
t-< 

3 °< 

co 3 

1 8 
3 5 

CD cD 

a.- 3 

CD 5 

ii 

■3 3 

=J: 3 

>3 .2 

C3 03 

|1 

00 

-a .8 

2 "3 
.E 3 
■2 " 
E 3 
o ^— ' 

0 i3 

CD 3 

x> 5 
o E 

CO Q> 

t_ 

DO *** 

11 

4- cp 

2 

2 a 

3 i2 
<-> to 
o - 

CO X) 



CO CD 
.2 -3 
3 

"8.3 

O CO Ul 
to ^! 



00 00 

« g 

CO 



3 O 

O *- 



to 

X CD 
CD £ 

■3.-° 
E ^ 

c co 



873.8^ 



3 

00 

2 CD 



g 

s 3 

■S 8 
8.1 



ii 3 
•3 o 

8 to 
"2 « 

oo* 3 

3 CO 



=v 3- 

« 2 
8 2 

tn to 

oj '5 



CD 



3 «* 



3 

cr u 
8 2 

CD cD 
fj 3 
CD 
- 00 

» CD 

8 w 

O CD 

♦3 J3 
cj 



■g-S 

3 .S 

.2 „ 

'2 "to 

c0 o 

s E 

CD i 

to <* 

CD ^ 

u 

9 3 



XI 

E " 

CO CO 

— ' CD 



3 to 
11 

tW 03 

S| 
a s 

p. >> 
3 

•8 3 



o -' 
3 u 
<*-i U 



t! 2 



CD 13 
J3 i2 
3 

00.2 

.S tJ 

3 ra 

3 O- 

CD 

to ^ 
CD 

l-. 8 , 

O. to 

> 5 3 

O to 

* E 
2 5 



8 

CD 

10 J3 



O »4 

8 

CD 



CO 4-* 4~> 

3 
O 



.S E 



8 CD 

g «» 

CD CO 

co CD 



CD t5 

X3 85 

CD j3 

s * 

a to* 

JS xj 

10 CO 

to CD 

CD 

to 



£ 13 

XI J* 



j3 



ft « S 



.3 3 

o 

CD '3 



1 CD 

CD vj 

3 . 

'3 xi 

tS « 

3 jS 

to o 

" > 

XI 3 



X) 
3 
O 

CD XI 

V4 

•2 ? 

CJ ^3 
_ 



CO 3 

>- W 

CD ^ 

co -n 

£ •§ 

CD _3 

x; cj 
O.E2.2 



'8 Xi 

— . CJ 

O 

c- 3 

5 J3 

O 5 



CD 

E 3 

co CD 

CD > 

3 « 

XI "3 

2 o 



— r o 

3 j5> 

<U 3 
60 § 

£ 3 

1-1 CD 



49 j^" 
x: 32 73 

3 2 -3 
co X> CJ 



t- to CD 
O D4 J3 

s ii 

(X °* 3 

to 

P CO 



T> -3 



: -3 jd 



3 ^ 

2 xi 

s a 

2 « 
P 3 
o 

cj 
CD 
3 
O 



8 P 



r- to 

CD 3 co 

•3 o JH 



Q. to — 1 55 



CD 
3 

5 

co 

3t 

CD ° 
io CD 

■s « 
a g 

tSi ^ 

& 



> CO 



<*-< 60 

O 3 

8 3 

0 2 



CD ^ 

s; co *j 

5 E S3 

CD „ cC 

■° O () 

2 '3 J8 

of £ 

CJ vS- . 

'3 «i o 
xi xi a 

O CO S 

o E x> 

6 ^ xi 

r-cj a 

CD 

a. 3 



CD 

> 

CD 

>. 

CO 

E 

X) 
3 
CO 

.2" 
*io 

X>--A 

73 c?\ 

3 -< 
CO t-t 

cj 2 
'C a. 

O J3 
E 0 
to . 

to °P 
a. cd 



to 3 

Ul 

XI 3 

CD co 



a 
E 
o 

u 

a 

o • 



3 0 e 2 « 



CD 

4-» 

cO co 

^ > 



3 „ 

8 ™ 
£••0 

^ 1 

s g 



0 0 

J3 cd 

4-* CO 

- 3 
O 

= a. 

co to 

3 O 



CD 



XI CD 

CD o 

co *3 

3 E 

to 3 



CD 



C X) 



a, 



XI <D 

§ -3. 3 

o S § 

0 CO N 

3 co 



3 E 



CO 



>1 

X) 

XI 
CD 
co 

CO 



■g 3. 

O o 

CJ CO 

CO co 

CO .to 



X) 

3 5= 

8 S 

It: 



CO 
CO 



i2 



<3 



"0 

5» 



.5 

c 

to 



o 



.S ■§ § 

•i >8 



to > r-* -*-» 

S2 'fj ±3 co H Q 



i (1 « 
K J3 03 

a. *» 
o 13 .S 
c -o w 

go q 

'2 « :§ 

§ 

.S o «w 
» « — 



C 8 - !* 



s -2 -a 



l- 

II 

V 



O co 



BO 3 

3 .a 



.2 « 



C X! 



<0 



5 © 



f "8 0 * $ 



.41 



^ CO S 

o ^ Q. «S 

U m g ts 



o 

T3 
3 

.„ CO — 

■S 

S *•■§*.§ 

Sx co 
C li — 
■a O co «-> 



•S » "H ■» a 2 



6 "'JJ 

o 

.P. 





Sl B g 

a a S h 

- o o 

a s * 

>7 -2 !q co 

g © .5 oo 9 

ted <u .5 "a 

•~ to *o 

cp v -a o to 



O ^ O 

u jo 

O co 

P - H 



8 - a | S g 

8 a -a * .2 a 

P. m § E a 8 J3 Z 

knZ O* 13 Jl 5 I? 

OP** So X) g 



.5 -a 
-S S 



S Co J5 

V x> *j 

■o "5 

T-l *> 



a- ts 

<o o 

V> r-i g 

13 •§ 



C 3 



. >; ° o 

73 a 8 II 

> S U K 

« O ^ 



TO 



•a i 



CO 



w 
3 

O 

■o 
E 



O 
D. 

CO 



>< - 2 

S J3 5 
Q..H « 



- > JS S o 

I : ^ § -s « 1 



u -s 

co O 
to _c 

-a c 

00 *3 



o 



_ CO 
t%, CO 



0 



q 



- § -S 

J> .2 c e , M 

00 c •"is 
,S » ti t) u 

3 to w > 

1 Hf-M 

■" ^ 2 s £ 



21« 

« s ° -fi 

•B >> « 



ix2 €■ 



3 xi ^ 

.S •— CO TJ C J 

« ••• e 5 3 g o 



w i— I J; 



Ti i2 



S .2 

o C-i 



.2203 

S3 11 c H 

S O co v 

U J3.-S g 

u .2 a 3 

O o Q 

<t> C o, 

■8».rl 

S O 3 " 

3 O r; U 
ft *- w 
<A O O 3 

60 CO vj 



PL, 



S 5 § 
ecu 

■g a) _c 
"3 o-2 

I s ^ 

2 -S 
3 E u 

•o £»0 

id B U 

u g o 

II T3 _; 

W .E V 

CO CO 
"3 «« 

O o C 

•a 2 -2 
S a, t> 



C 



CO 

to m co 



-a co 



2 -2 '5 E 

H n Tf -a -r! 



4 '3 co 

4-» > CO w 



CO w '3 

1-1 u -5 

V o 

V ft 

a. u -g 

0 .5 j> 
ace 



3 

CO 

00 E 3 
Z -c o 

■o O..E 
c x 

CO CO JO 



2 co 

U CO 
CU CO 

o 3 

3 CO 



CO 



0 K 



o .E 



S o 



TO W 



3 i3 ~ 
CO ' _ 
O g C 

Is* 



1 s-s 

S 2 co 
O. CO 
..DM 

> 5 B 

- $ 5 

U o S 
co "" , 

2 



° "§ 5 "1 

I -8 3 M 8" s 

E •> 8 -1 « g 
- 13 § h E 3 j3 

■!-> ™ U — CO , 

so h 

■a'S 



n 5 !^ 

= I 3 

c M ° 

IP 
5 *-< 

3 <o E 

CO 

k, CO CO 

U >. 

.S2 ~ OT 

I '5 u 

-3 T3 [X 



CO 
_3 

CO 

•o 

3 
CO 

3 

< 



•J 
1o 

o 
o 

*Z . co 



o ^> CO co S ltd 



- =5 S J3 
c? ^ S 



4> 



■S ^ - 

On? 
Ck i3 3 co 

13 M -5 2 § 



o c3 o 
o 

3 S J? 

■ScCi-t-t-*^! .33 



CJ x J3 
CO O 

«!=•—- 



CO ^ *— * **" 



O CO 

» oi 

co o 
co co o 
» 1, 1. 

s? 3 2 

CO o 3 
■O o * 
_ J= , * J 

2 ~ o 

3 -O T3 

9 'S CO 

^ 1-8 

03 — 

to cd 

s«s 

-3 "? O 
u > 



3 - 

co 2 

J3 " 
"3 2 "3 



is to H co 



a o ^ >> o •§ 

« .& S..S o >> 

2 .tS * CO -3 =3 

3 to js t: Q< CO 

.5 So quO S3 3 



CO > 

to „ ca 
O <d 

!> to *5 

5 i 



n 
to 
E 

o 

Q. 
X 

to 



o 



r<1 



3 

T3 



B 

cu 



•3 



S 

o 



C3 



3 
O 

a 




CO r- O 

jl 3 - 
3 a 



to 
to 



% 

CM 
3 
CO 



o 
E 

_3 

^ o 



O 



PU o 
- 3 

C to 



~ ri 00 -S s S 



<3 
13 



w c 
>-> CO 



_E "5 £ j 



- 3 

O J3 

5 o 

-5 t/) 



. 00 « -St; 



CO 
3 
B 

CO 

• m 



<3 

a. 



J < 




g to CO 

t- =3 E 



<0 f- v 

to *n 



§ P. 



3 M 
.5. § 
a n 

* I 

S -o 

Cl ,n> 



IS 



o 



Q. 

cd 



xi u 



■~ co 



•3 3 

*■* o 
.S3 
O TJ 



X) 
O 



a 

to 
c 



3 to o 



•3 K N -& 1 8 -=3 ' a B 
§ "8 f2 "2 ~ 8/Sb.S -I S S 

3 a ° .S P. ,g £ g 



. .5 T3 

ell 3 

u mi 55 

CO o o . 
o w w o 

o< o *< 

J3 ta <e T" 

CO ~j Q> 3 

<° 49 3 ° JT 



13 

CO 

"O 

4> 
X) 



O _ 

CO 



- ■= * ~ ~ -a c 
° & ° 2 r 

u x<-§ w «>a>S>g 



a, 



U 10 

* «> " „ 

-CO 

o 

T3 .> _ x! <u o c 



O.X) 

5 ^o-o-S 



5 



'io 2 >> u, « «> u 

3 -> "S .« 13 S n - 



' * .S § 3 S 5 S S 

H .S3 w * 

8 Z =3 " 

O c 3 w j; 

3 « o 



s ? s 

E 2 « 

S 2 ^ 

eo <o « _ 

c r: 



at? 



O O 4> Ui fl> M-l _c 

5 jo ^ ^ -s ° y 

* ra (so H 

CO 




.g to CO O 

B -a ^ .2 

ss'JS * ° °« 

« ■ O "O 



« £ S 



[5 « 

u « s 



"••a 



S 2 
" is 

o _ 
C9 O 
co xl 

at 



fl> U« CO 4-t 

C o t; ca 



_. Ot 4) *3 
5> Xi CO C 

e p. o •-; 



M (0 B Q 

c U X! 



CO 



§83. 

; 3 E 8 | 



° 4 
5 O 



<L> 
T3 



a S 8>S 

a.s2 w 

co H T3 



o 
I 

T3 
C 
<« 

•o 
a> 



o 



■o c .iS<'.!5a?Suv. 1) H^ 



„ _ &S.^-3 

o u a S 1 " ^ g o jg S ~ o g ,2 -o 

IS x. k *s j, >. J J ^ 

CO 




S2«« : 5 c0 S3' o a 



o R> X ca 'J3 . . — • 



_ ~ vj O C ui 




O 



ro 




^ 3 " •> S 
co 3 > co 



" p 
■a _ 



3 



s 



u 



.is ^ o 
oo C 
« r- xj 

C ON CO 



-I 6 

CO o3 



u 2 



to J 

E 

CD O 
*i > 

a 



p5 ?->. 



•> .2 

w xt 



60.2 



XI g 

« .s 



dj cd 
35 CO 



IN a 

co c 



03 



c~ 



.13 

(U 

co 

x) 
a 

c 
o 



co C 

r- co 

■5 

s .a - 

E =3 

° I ~ 



CD JS 

iJ ft 

CO ^) 
co <£ 
E 5 

a x) 

£ X) 
CO c» 
" eJSM 

ft-° 

e w 

c^ r~\ 



n> o 
o 2 
"5b « 
S3 w 
.S S 
E 5 
S.S 

o . 



ft 

cd 
o 

CD 

c 
E 

CO 

a 

o 
x> 

JO 

■o • 

•3 00 

C 0\ 

O T-l 

60 

co -5 



oo 
w c 



o 
co 
X) 
XI 

< 

x> 
c 

CO 



< — \ fl 



CD 

(-4 

CD 
CJ 

cd 

XI 



u "0 



=» O 
O cj 
_ C XI 
C JS a 
■j3 oo co 



CD 'co 



5 3 



5 2 5b 



o 

to co a 



r- u 

Ox JD 

cd 
O <o 

co JS 



3 ±J 

•i e 

O JS 



c 

CD o 
O 

M O 

.5 S 



z 
o 

2 
O 

O 
« 

< 
J 
3 
-) 
-J 

w 
u 
ca 

co 



a2 

CO 

C XI 

>. c 
<o ca 

' a 

— a 

xi o 

* .2 



> .s 

* e 

■S « 

CO CO CO 

e % i> 

P 7? ES 



O 



J5 
O co 

<" CO 



•2 * | J 

O co E -w 



3 3 

1> -S 

3 j~ 

co "i3 

«-l 
O 

.2-3- 

to ? 
u 

?> co 

o. S> 

O CD 
J= 

J»j 

V-f u, 

P ° 

CO 

a co 

§> £ 

s s 

8 2 



bO.O 
C 

^ s 

h °» 

o CO 

cj H 
*^ 

CO • 

T. O 

s| 

§ « 

O l_ 

chj 

•S -c 

CO 3 

. >> 



ffi XI 



CO 

E 
E 



o 

3 

13 



C 
CD 
XI 



CD 
J5 



co 

CO 

2 

u 

CO . 

3 



™i w 

CO cD *3 



C 

i'-g 



c 
3 

XI 



c 

J3 

C 

CD 

O 



« x> id g 



CO ^ 

O 4> 
O. C 



<0 <si 



CO. 
JS 



•a -S 

cfl « 

• > 

CD > 

CD 

CD ,> 



o e 5 

^ CD CD 

CO bO C 

.E x> E 

CD 

>>•*-* O 
tS ft 
co p 

n C o 

5 >2 co 

"° ^ o 

y > 



i2 

CO 

O 

ft *1 
" 3 
P CO 



O 43 
cD ^3 

8 a 



CO 



ft w ca 

CO CO 

c «> 

>-> XJ 
co ^ 

CO CO CO 

CD 5b CD 
co js 



CD CD ^ 

•S •£ g 

"i=! c co 

>■. ca -e 

•D M E 

3 CO CD 

CO CO fc 
CD 



CO 

t; «•> " 

O C) 

J3 ft 
« co 



CO {_) 



o S " 
E o.-g 

B S 3 

.a « a 

c 

CD 

r- co 
rt P o 
a> w 

r" jr ca 

2 S ^ 
°« « jo 

■3 3 

CO 



"o 8 J!! 



E 2 "S o 



CO 

o .S 



co **-< 
u o 
CD _ 

is c 

co .o 

to to 

4-* C£S 

oo 'C 

C 3. 

CD 

C w 

M co 

« O 

O cSJ 

g CO 

CD O 

H co 

S3 8 
•S E 

S 2 

XI ft 
O. co 

52 c 

co O co 
O '3 CD 

ft ca • - 

XI 
£2 
CO 



■S 3 



o t; 

CO u 
CD 



ft a 

co 



CO 

C Q. 



3 "fi & 
> o 2 

.a & ° 
c^ag 

BOX 

^5 -5 




o 



05 



CO 



CD CD 



cN 

r- 
o\ 

U 

X) 

c 

< 



§ ft a ti 



s a sj a 

o 



CO - ^-N 

JS CO M 

^ o\ ^ 

C J3 r-1 o 
O > > « 

'S - »S *g 

CO CD |5 CO 

ft a o 

XJ o ?P - S 

« B 0) 

sfll 

" « -2 o 

3 ° g 
C t3 CD XI 
CD .O 3 



a a 



XI 

CD 

3 

_o 
o 

CD 



CD 



.2 o 3 

i5 to ™ M 

ca .a o 

ca J3 CO 



CD 

co £2 

CO CO 



4> 



CO 
CD 
JS 

CD 
> 



CO 
ft 

L-( 

CD • 

CO 

_o 

CO 



CD .2 X) 



O O 

> co 

CO J* 

" O 

X) -o 

S o 

3 CS 
C 

CD CD 

CD w 

J3 = 

CO 

co co CO 

B i 



co x> - _ 
- 3 o .E 
to " 



CD 



oo .. 5 



co co O ^ 

CO CD .CD 

" a x) a 

JS O CD 

a s o o 

S§ xi .» g 

a S ■» 

CD 3 O CD 

J= O J3 



>2 .5 



t> CD 
O ■*-• " w 



o ^ a £ 

co S* co cd 

cd a ja S 

c?^ = 

■K OS 



a cd 



CO 
CD 
3 



< 
a: 

z 



co S 
Q 05 




0\ 
CO 

i3 
§ 



1 

5 
c 

to 



•4! 
u 

■6 

to 



u 



co 

e 



a- 
o 



•6 S 



ft, 
CO 
C 



o 
a 
o 
•a 



co 

a o 

8^ 

13 ^3 
33 to 

US JS 

It 

u. > 
CO eo 
ft, C 
E (U 

8 S 




to 
a 
o 
x 

H 
a 

S 

-) 
<< 
o 

3 

o 
J 
o 

CO 



6 S 



CO CO 

s .e 



.is H 



3 



•o ° 
o 

.5 co 

co 

Is 



8 



a 

CO o 

t; o. 

CD g 

> O 
■o <-> 

o . 

■a -2 
So 

•° § 
g o 

* CO 

is. a 
■S .2 



a m .s 



o 



ft: 



9- a 



CO CO 



g s g 

2 3-S 

CO to 



C 

CO & 



.2 

2 « 



*-* CO 



"3 1? « e 
u o R o 

C3 « <30 4) m 



o CO 



C 



33 " — to 



«> J£ 2 

« 2 E 5> •§ 



« «> e c 

>% T3 eo £ 

ffl I) u ^ - 

a ■ 



S 

o 

JS 
u 

S S3 



-a o 

e .is 

a) {- 

.ti EC 



5 iJ a S •-> «3 M 
S S3 >,X> o E> 33 

^ U W 'h 2 CO 



33 

2 i= 
E s 

■o 

cd y 
I) h n 



5. o 
^ S3 



£ O I) 2 OB 
« K S .« '2 n 



a. s 

ta a 

5? 



:§•§ 

CO 10 

el 

cs 2 
a, P 

CO 



O 3 
03 O 
•*= 



w O 



E 
I 

33 

§- 

B 5 . 



c c 

O KJ 

co s2 

U 33 

u T3 

2 u 



to ■ 



w ^ *^ "5 "cO CO 



c .y 



05 



co _ 



o 
a. 



cr B 

S"33 § - 
w f0 



<0 



co V, 
JS o 

c 

CA .E *2 

oj w CO w 
— O ■ ■ ' • 



3 
to 

O J3 



a - 
co eo 
•a -g 

>> op — 
•S3 S == 

s • 3 

« c 

^ 3 



CO 

•a 
i-i 
o 
. D. 

o 



c 

•2 8 

B B 

a 33 

CO 

S 5 

8 I 

o o 



So 5 a « 



O w +rf 

M ™ C 

o 
S 



eo 



c o 



■s 



c 



^ E3 

O ^ — — 



co ,s (-^ 



.2 u g j= 
an oil 



C CO 
" <o 

E 
o 



■M 2 

o ■£ 

.2 o 
»-* ^ — . 

o 2 



>. 
>» 

o 3 

c 3 

3 Q 

— e 

co 

G « 
CO CO 

co O 

■3 



a % 
u a 

w.2 

ii M 
10 3 
1*-* 

c 'C 

.2 a 

« 8' 
c 



c 
■3 

.S 

E 

•a 
o 

CO 
CA 

o 
E 

o _ 

w O 



CC O 



1 .2 



CO 

c 

IG 

T3 
S 
CO 

CN 
PU 

CO 

J3 



co 5 

•s .§ 

O* CO 

1 5 



.ti CO 

T3 C 

C >. 

O w 

u co 
e 5 
.2. a 
13.2 

00 eo 
•3 &o 



ti b «> 
§ ° 33 

Is g 

3 5 o 
o 0 J3 
3 (0 ^ 

~ 3 » 



=3 CO 



a 'js e 



73 

co 

^3 

CO CO 
C JS 

& >• 
JS CO 

** c 

■s s 

^ o 

>-l.l-l 

' C CO 

o «> 

E 
o 



e< ~ >2 
co js ti 



CO 

is? 

"0 

o 

o 

JS 

B 
o 
J3 



CO CO 
C J- 



CM 



3 « 

O i_ 



O -73 

js a 

„ CO 

2 0. 

CO 

co *o 

cO *2 

J3 C 

_ u 

1| 

S3 o 

.2 « 

•a 0 

1 S 

- u 

G *-* 

o 2 

c S 

co 5 

5 -o 



B. 



; § |8 

8 -g 
o a 

co 8 

— C 

o .2 
-o 

CO CO 
O 00 

8-8 

S E 
« .2 

x s 
o •= 

CO 

o 



F »- — 33 n3 £jl -^r m co 



^3 > 



s o 

O 00 
O CO 



3 =- 

Q. CO 



— co 
g >, C 

f? CO CO 

2 33 "° 

"3 co .E 

0 ,« 

10 C J» 

E " c 

o a s 

fe S « 

a its co 

•2 '-3 £? 

« iJ — 

*j 33 

O 1) J 

22 2 

o 00 
S 

w <o 33 

o 2 c 

■O to co 

a co q, 

eo a to 

"la 

8 <u 

p >-t 



S3 = 
^ a 
.3 ■§ 
x> a 

'JS CO 

a cm 

O "io 

*r is s 

12 -5 ' s 
a o 

a . — , co 

S-a » 

sirs* 

<a c § 
•a 3 8 
"OS 

33 w Q, 
- C O CO 

> - a 

U 3 «9 
CO CO 

> O O 

co o Z, 

> 1- c 
5 D. O 

S „ a 

►E C 3 
. O -O 



• nj \*i u 

S 33 s 

CO T3 



O 

2 co 1 _ 
g. a o 

w to — < 

2 E 
js a ui 

|ij 

g o| 

co g O 



U O O T3 



Oh 5 

" I 

2 a 

O CO 
5 33 



p 



3 

& CO 

So y 

i-i o 
X) Du 

a 

- a 
u 



CO 



> ••3 -* 2 



. . co 



a o - v « 

o 33 SJ W) S 

"S3 ^2 g .E n 

co T=! 2 3 -e 



2 o js 

JS co 
T3 

CO CO 
O 33 



~- E 



a 

a s e 

CO Q. co 
33 O "o 

LI 

o >>.2 

0 .2 e 
S g JS 

^ 33 co 



BO C 

e 
e 

O co 
•3 O 

«■§ 

2 J3 

o „ 
00 co 

g 8 



crs — 
"3 

t§£ 
a co 
1-1 ■£ 
"a ** 
c 00 
CO c 
co S 

co 3 
to 



O co J> 
33 B S 

O 0) c 
CO T3 .§ 

.2 Q 

1 

bo ^ ca 

— w 
O « « 

** 8.s 



X) 

£) ■ co 



U 3 

CO co 

g 

O T3 

J<! CO 

" e 



ta -o 
2 a co 

■S CO J3 
J3 co 
*" a o 
O 00 i3 

a 

co 



CO 



a 
co 

2 « ? 



33 o 

o o 

2 3 

8 B 

O CO 

E 



co 2 -S3 

W C30 "O 



2 Tj ca 
2 



<o 



3 



J3 " 
O Q. 

2 -a 

r? 0 

S o 

«s « 

3= do" 



a - 2 » o 



CO 
00 



J4 CO 
co 

CO 



1^ 



a 

f -8 
el 

eg -a 0 

4-. T3 

tO 

CO — 

a 3 
-o 
co 



to 
to o 



to 2 



• = DO w JS S 



S 0 a a K 



CO to 

o a 



3 « 



£X 33 

a ^ 
>^ a 

CO CO 



4) -a 

J* 3 

o a. 

•3 e 

33 3 



co •3 Ii 

3 2 CO 

CO 33 JS 

CO CO 

n fl » 

S S g 

2 B - 

g S ¥ 

co >^ 

x! e w 

O CO cO 

•a -H 33 

<o .2 

-•S-S o 
|.B| 

to 

J 8 a 

a> o o 

CO a - 

— to .2 

.2 to CO 

>^ CO 

s i 6 

*-• co eo 

= ^a 

^^3 .a 

"3 go CO 

>«« 

*-* — 1 H 

« « 2 

co 3 2 

S'l o 

CO .E 
H 



a' 0 



3 



co tj co co 

00-— > JO 

« E 'B 

a 2 « 2 

2 X> <D 43 

^ co .2 ja w 

>■ « -g *- a 

1.S Sfc-g 



'3 X 



"~ -■ .5 eo o 
a o 



° 2 

CU j5 



o 



o 
E 

c 

8 

co 
& 

o 
<n 

o 

CO 



•§.ssgs 



co 

■a 



8 8 g 



T5 CO 3 CO 

S> a 3 -o 

g S.§S 

a eo fs 



a 

co 

5 



5 M U -q 1 

l< J3 ** i S 

«> CO -w . [P 

a B " Raa 

*3 § a „ « p 



CO 



J3 *§ '3 a) 

a g 2 2 g 
o _g = « 

S _ a, a 

a g 3 -2 | 

a tg 5 



3 

of 2 

" B » 



CO w 
0) 



o o 

'£3 *-> CU 

& 8 I 



5 5 6 



o 



eo 



o 



. S jj to — < =3 «« co fa ^cu a,.g 



* E 18 .2 

S 8 § f B § 

24« 3 " § 
1 £ 3».a 1 " 

as <o '» a 2 

£ 3 2 J3 

S <o 

CO 



8^ ? i >» S *5S 

o a -a £ <a « -s 

u Cu ^"3 *> 3 9 



co 



■j a 
5 <! o 

= - e a M ^ » 

co — < o 
<=• a 43 



a 

a t» 



cu — 
a 2 -a 

3 43 



43 CO >> CO 43 
• C CO 

«> S ra cs 



•55 to 43 u - 

o S c ™ M 
o c » c 

CO 3 3 jO c 
a ±5 cfl jc U 

•2 I - H 
so g 

O u A r 

, 3 "5 n -2 

§ ^ s ra 

s <sS 
> « s 



u h «> 
5 <2 E 

cO 

o H c 

g 

8 I •« 

2 H ° 
r-l • CO 

O ° -° 

a 4-1 

— o 

1" 



3 

a 

E 
o 



q & 



3 

- E 'to 3 

>< o X «= 
P 00C3 



c o > S s ^ 

c co *- co a> 

E 2 .§ .2 

3 ^ &, T3 



E 
E S 

2 CN 



2 « 

CO > 

£ '3 



8 ff^l'll S E w 



CO 

o ca 



'5 ^ 2 -H 



•3 b » S wo 

To CO 60 C T3 

=5 E 3 - 



u 
1-1 

'5b E 
'C " 



2 53 
•S t3 



o a, o o 

... CO *J .5 <N c _, 
a n<.a 60 o. « S2 ca wo JO XI 



.S ° 
a 



o 

CU co 

lO « 

3 T3 



"C S <« a 

« J.5S2 
- i) co -a o 

.5 5: a 



a 

(O 

S3 ° 

o a ■« 2 -5; 

•; u ij S ^ 
O I) Ji ") O 

£^ TJ o ^ g 

Is 1 

m n q 



U Ml f? o 

"3 «> =3 "ti 
^ — 2 cd 

ra T3 ca T3 

a co ^ co 

— S B 3 



6 « 



3 H-( 



to 

•av& 3 



c c c c 
E E E E 



. a 

8 E 
o 

o m o co _ o 



X) ^3 

S a „ 
a co _ 3 
3 E § S 

— » " 2 
"•Ox 



o 

CN 



cu 
> 



3 
O 

_o 
o 

« 6 

3°0 
2 S 

o -a 
o 

»»-t 



C/3 



CO U« 

*- 5? •a in 
^ u >. o 

> -a u 

s « s 

O jQ 

^ a o 

s> >> 

> a 

CO « 



.s ^ is 

S3 ^ S 

CO J«S u. 
3 

°< b 



co 



CO Q. 

CO 

3 T) 

CO 

CO 



'•5 

J3 CO 

60 60 
S3 CO 



O O O O C 3 

a a a a co co 

CO C3 CO CO .3 

-a ^ x. ~ 

t3 t! t; t3 (0 CO 

CO CO CO CO 

>p 

o N c> c> e> o O 

o o o m o o 



=3 

ca 
I 



a co 



u 



•o a 

co 

<u .. E « 

3 CO O 

S -ti "3 o 
•S 3 -a 2 

J3 CO 
O f 

CO 4-1 



"O CO S 

5 < 



co *y CO CO 

u x; >-i i-i 

3 60 3 3 
O -3- O O 

■a S -a js 
CN S? ■* •* 
o ^ 



o 
e 

CO 
-S 



o 
o 



CO 



3 CO 



2 

a 4_. 

'to 01 
CO CO 

l- x> 

•£ "3 
52 2 
5 3 

4-. 

CO a 

43 « 

to 

8 - s 

« T3 

o a 

Sw 



o 
o 
o 



(0 

> 



a 
o 

O 
X) 

E 

3 

a 

CO -o 



•o 

a co 

co 43 

E"a 

CO CO 

M co 
S a 

5 o 

CO o 

o -S 
" -a 
x> S 

2 co 

6 2 

1-" .3 
c O 

co a, 



J 



CO 

6 



o 



o 

JS 



- 2 « 

S E 

§ 3 

~ CO 

o_ E 

ca CO 

5> 43 

=6 " 

CO >M 



43 " 

ao 



c=o "O 

>r2 " 
> O 3 

O o _e 

CO 4^J 



2 2 

CO 

is 

§1 



u o >• 

w a a 

O CO CO 

*4-l j. co 
7^ CO 

■n bO 

O S3 co 

•5 3 

U 43 „ 

E & ^ 

„ Sii 

a eo.2 

.<J o g 

60TD CO 

O ca 43 

2 3 8 CO 

43 C3 



S3 co 

CO 43 

co 5 

8 s 

3: i2 

.2 °P 



II 

43 o 

§^ 
■si 

CO 43 
O ^ 

>> H 

o 

O CO 
to 3 

Bis 
e w 

_ co 



CO 



" X) 

"Si. 
.S2 

(2 a -s 

8 S 



O CO 

co 

•O E 10 

• - M 4>S 
43 

a * -a 

3 S ° 

cS- 0 "co 

2^2 -5 



SSI 
m8"S 

S « e 

sgfi 
c co 



CO CO 

3 b 

■C w 

O co 



? 3 

& 3 

a t3 

34 



43 ra co 

to Q.43 

« 2 w 

43 3 a 

co S « 

C 43 „r 



2 
'o 

CO 
IX 



C CO ~Z1 Za 



<u co 
a -3 

S w 

co 

43 



co 

43 =5 a 



i? 



5 o co 

o y - 



to ts 

S .CO 
1h 

Cu CO 
43 



CO w 43 



43 
CO 



to a, 

CO lo 
CXxi 



a-g.E 

O CO . 

U CO 

u-i C 43 

° "43 

S- re 



a 

o\ co 



3 
43 
JO 

"> - „ 
43 " 

S3 co ^ 



S8 



o 

Cu- 
CO 
3 



. ^ .2 



CO 

Z 
U 

| 

T3 
to 

8 
E 
o 
•a 



>» CO 
CO 

e 
o 

CO 

CO 
CO 



n o S 

C to 4*i 
- « c 



•2-3 
S * 

> a 5 



CO 

c-> 3. 
CO 4C 
CU 



V M4 U n < 
rr\ ' rrl 4-» 



3| C(J 



43 

co 

w O u 
u bO O 

CO <4-l 
CO 



35 3 a 



a 3 
- -2 

CO *w 
CO " 



CO 



CO 

•a . 

co s 

"4-1 CO 



CO ^ 

to «: 

44 

co ^2 

— CO. 

■2 S' 

R co 

8 > 

2 'S 
& 8 

a 3 



S co 

G, to 

o 

<0 

11 

S.9 



CO 

E cO 
'X ^ 

o E 

V4 .3 

Cu to 

a, to 

CO l-i 



S o \s E — 



c 

.2 
'So ■ 
co 



8 



92? t-i i- 

ON CO cO 

Q. 

CU 
CO 



IE S 

43 

O 60 

^ '5b 

s •§ 

CO S3 

O 

CO 

60 3 

<o 

3 - X3 

■^^ 
CO 

C X 

— te 

CO — 
= 13 

w > 

2 

>4_ -a 

O C 



§3 ' 



2 .2 



CO 



r* ™ 

E -o E 



co 

60 
O 

4-1 

- Cu 
CO 3 

a e 

iT » 



a 

8 .2 

co 3 15 



to 



O 

3 3 

O w 

v ^ ^ <0 

S — co 3 

60 43 O 
C "TJ 

E o -c 

S3 3 O 
o w •? 
to co — 

-o ss S 



— Cu 
cO Cu 
X 
tC 



co 



CO 



X) 
o . 
O .3 
O0 g 

60 43 

-S 60 
3 C 

« '3 

4— » CO 

43 



,. a s^ 

W T3 CO 

to a 

1 S-= 

a co to 
g S 

. - s -° 

' a'f S3 
*-t o Ui 

•S 2 S 

2 o >> 

~ 34 "S 

O 60 u 

» .S 2 

to 43 
CO ? 3 

a o E ■ 

, ^ C ON 

■is f_, u-, 

■3 >• O 
g CO 'g w 

co co > a 
2 8 3 § 



4^ 



to - , 

o § •§ 

,X V-. cu 3 

jz o co 

u o O _ 

o. o 

>>43 CO 



CO 



•a t£ o 



CO 

3 rt 




73 '3 

S 2 
o -o 
E o 

o ** 

' E 

3 

•c 



CO i-< 

& « 

co -J3 

-5 *P 

co c 

43 CO 
~ 43 

fs 
.e-S 

" CO 

co a 

60 c 

•c 3 

>; ° 

to cO 



.2 ~ 

+3 r-l 

"co O 

CO 

•8 55 

CO w 

S co 
^ a 

■s s 

E a 

co 

.2 o 

S u 
2 a< 

CO ti-< 

&4 © 



- E "2 

4-» CS 



o co 

42 "C 

2 3 

3 5> 

o 5 



CO 

3 rH 

CO 

0- ^ 

co 2 

fj «a 

1- co* 

CO »-* 

•3 3 

co to 

CO 

— co 

T3 I- 

3 Cu 

CO. ~_ 



O 4-. 

o to 

43 CU 

4- E 

3 3 

o a. 



9 



"2 
3 
8 



.s .s 

§i? 

a, 
oo jo 

o Si 

>. CO 
CL, O 

2 3 
too co 

.9 u. 
•o o 

o u 

3 CO 



1 

q o 3 

-n oo 
V -a co 
c = 

.o 



o 



ON 



g 



ID CO 
w ON 

9 «-< 



(A 

"o 

o 

O 
+-* 

S 
a. 

co 

5 x. "3 

"3 co > 
co M 5? 

o i^j *-» 
T3 ffi CO 



CO 

Q,<C 



tS '5 Cr « -3 « 

CO ~ °» 

a, o o 

O Xi XI 

O * J >, 
„ 

9 o 

B. CO O G i-l h) 



S ID 

S > 



. r. 1 a R 9 « -2 



SHIP'S 

X! is . 

9 <° O cl 




z 
a 
D 

a o 

a X 



* > . 

z x O 

2 S "5 

H w 3 

x - 

z 



CO J3 ID « 
CO — 3 £ 
S 00.2 .© 

3 



'IS 



c« 

co 
-a 



00 

'•a 



o -g 

s" * 

2 <o 

•° a, • 

— Q. J«S 

CO 3 CO 

IS cp 



3 CO 

CO 

^-s 3 
a — 

-a 

co X! 
.52 

CO > 



.5 

a, u 

3 

•s 



5 xs o 



J3 § ^ £ 



ID U 
00 X! 



CO 

.«> 

<D 

•s 

XI 

s 

CO 

XI 
CO u 

.a « 

ID VS 



3 ^ 
CO 

CO fll 

& 
ca 



■zt JS 

X) 

a 



XI 
_ O 
CO u 

S CO 



CO 



B ^ io 

4-» 



t5 .S2 — 
S .5 

cO 



00 

e 



CO 



ID 
10 
3 
CO 

2 

CO 
CO 

O 



.y *s 



| f e ss 

5 q 



XI o 

ID -3 

a. ** 
3 o 

° XI 

CO 
U 



<D 
00 U 

x> s 
8 3> 

a. -a 

xi S 



c 

« cS 

Sxf 
O 

E 



CO 
XI 

'3 > 
co 



to ,3 

■a 
c 

CO 

s 



o 
o 

o 

3 



60 • 

-S a 

■S o 

■a B 

E <D 

u 5 

■ — « M 

o S 

CJ CO 
CO ~ 

CO 5 

o ^ 

>■< ^ 

O O 
*-• 3 

XI -g 

■O CO 

<D -3 
CO 

S s 

3 O 

CO .u 

X! •« 
XI 

co CO 
' co 

XI co 

O «J 

u 13 
o n 
x; o 

§ 2 

CO CO 

a 3 

o a 

' 3 

co 8 
E « 

w XI 
CO "3 
00 



co XI 2 co 
>-i co ^ 
Sunt 

3 O 3 _ 

" .5 T3 3 

D, ») O i! 
33 ■- co 

co 3 ■ S 

J3 Si 3 13 

co CJ 
o xi -3 

~ ° s « 
•9 ,2 8 a 
S « 2 6 

n S .« .t: 

E o< . o 
io -a 2 1> 



00 • - 
C B 2 

S o w 
o o 

U CO 

X. 2 

o a 

u a, 
a, a, 



CO 



os 

On 



< -3 S § ^ 



»* 1 -™ M 

CN « 73 " 

x. <; g>s 

co . -3 x! 

3 o J5p t: 

O C u 3 

S 3 O « 

a e § . 

_ o o c 

™ 0 J) X) 

U « i) o 

co 3 x) x 

Slag 



5 



4-> CO 
CO 

— <D 3 

E | a 
g .2 „ 

o 

lO to 

- a co 

a w 

CU 3 

o el 
a .a 



X! « 

3°2 
O co 

I 1 ? 
?! 

co Q 

XJ _ 
— 

i- 3 

CO 

■O " 

3 CO 

3 XJ 



o u 

o > 

■sl 

o S 
3 X! 



>< 3 
Cl. co 

a,— 



CO 



CO 



a<.3 



co c 

«= 3 

CO " 

fj XI 

00 5 

3 o 

'3 CO 

U, CO 

S CO 

3 x; 



2 

cu 



CN 



CO XI 
CO 

co 3 
S § 

CD -S 

« -° 
l§ 

°c3 xi 
co 'C 

■S 13 
o 

>-■> CO 

Ut ' " 

tS C 
O 



3 XI 
— ■ co 
CO cs 

XI o 

8 E 

2 <D 

CL,X> 



O co 

E 73 



E 
o 
x: 

CJ 

o 



E % 
S2 co 
■g - 

o _j 

>> 

8 & 

3 CO 

E S 

•- CS 

>■. 

3 o 
CO J3 



=s i 

o 



J9-S < 



CO CO CJ 

J _> cs 

O C if 
13 >, 3 

C J d 
& E k 

3 - n «j 
x> a. to 

g CO 2 

.E Xi '60 

E " o 
S s CJ 

-a S 
^ a. 



co 3 



co 



3 

,60 CO 



&2 

o 

B 
3 

E 

3 



r-i 3 co 



00 XI 
3 3 



XI 
XI 
CO 
XI 

E 

CO 



. XI 
CO CO 



O CO 
XI 



> o 
ra .9 

1 E 

SC CJ 

S <u 

3 ~ 
XI 

CO 

o co 

2 S 

&, 3 

oo S 
a co 

=6 £ 



3 

« w 

CO r O 

X! [1, 

4-1 

o -a" 

CO o 

co B 

a "i 

CO CO 

3 -3 



< 2 g 

S3 | S 
- "ob co 

CJ 
3 



O ° 

c° o 

'"5 "'S 

3 3 

co xi 
& o 

CO k. 

x> n. 



° o 

g 3 ° 

i3 o «> 

O '3 XI 

« co >> 

3 Im X! 

O « O 

S 3 xi 

xi S "3 

8 8 I 

o 

3 , 

6-9 



n l. 



s -o if 

"g 3 § 

s > 3 

O CO O 

•+3 x: xi 




00 « g S 
•S S 2 3 

XI «tS co _ 
XI _, 3 S 

•,. -9 & * 2 
' 3 '5 3 e 
"'■ S -§ " xi 

60 u XI XI 

3 >_ « >>XI 

■3 o 3 CO 

.5 rg 3 co X> 

CO CO xi e 

to E "co CO 



to g 

o 3 

3 

3 CO 

E => 
E 



a. 



CO 




SI 

a 



-s 
to 



ta 
I" 



to 

•5 



o 



2 3 « u 

« _ a a 2 
M « 3 «t -C -g 
s j< h o 2 
.2 «* fee 

8 S o .3>p w 
« a, x: [E c js 
o- 6 ~ ° _- ' ~ 

ti_t s y 
o £ 3 2 

3 5 

a) -fj w 

£82. S 

3 i- 3 

O co 



CN 



a 
p 



- 4) 
(3 xl 

tH XI 



O O 

s !C 

>- -s 

o 

CO o 

So XI 
CO X! 

X! "3 
O 

.a co 



2 3 

2 2 

^ E 

co _ 



CO O 

X! ~ 

- oo 

»•! 

— e 
o 

—i. D. 

a 



. 2 - o 

MJ3 2 X! p, « 

- ™ CO C P, 

CO 



! £ 22 a 



fa ^ 
^ 3 

.-73 2 
~ * =3 



-° 5 5 3 



E-n a » ^ 
c P — o 
-< « u 2 PS 
-,>-._, x> Jo • 

w CO JO -3 

CO co 



cd 5 /— ^ 

"3 T-f 



O 3 

9 o 



x 

P _c — _. 

■o o. - «J * M 

2 cx ■>-> 5 o fa 
00 * S -■. 73 w 

? OTJiS 3- 

3 <» e o 3 

CO .3 ^ *" 

«s *m 

" .2- 2 o. 

. :s - -S 8 

-SP.S c - 

8 S 



<3 3 



s 2 

3 XI 



4) 1-4 

£3 
i o 

. « co 

3 



o 

s ° 
2 3 =j « 



3 

O to 

^ "2 

n '» 

- 5 
:3 O 
«" u 
"* 5 

r-l a 

fa 3 

- O 



i§ 

.S2 o 

? § 

<U J= 

*- 
** u 

S3 

° a 
o 

' o rs 

H o 



* o 
** « 

o 5 

o « 

i-i J3 
3 

•a 0 

<u £ 
u 

°- -s 

. « 
» O 



3 

•a 

>. 
c 

CO 



. u 
bOJ3 

b o 



Cv3 tO 



•5 5 

_ « 

> j=: 

o — 

£ 2 

w n 

S 5 

8 S 

X) X! 

H « 

3 

as S 

-° o 

O ,uj 

=3 3 



8 



.S2 3 fe- 



c o 
S2 5 



3 S 

o 

CO 

«> .5 

^ E 
"8 2 



§5 
*-* 

— ■ o 
o a. 

X! O 

•o 

3 3 
O 



■i ca 



o 



■3$ 



60 O 

O X) 

^3* 



=3 H 
3 
J«! 

" 13 
CO X! 
X! on 

" .s 

o .S 



ca o 
g oo 

CO ■>-<" 

3 c 

■° ^ 
o — 

ESI. 



.5 3 
>• 
o 

o 



C3 

h 

a 



£ 

3 

s 

CO 



J3 



50 r* o 
c2 * .5 

i-l <D 
. Q, 
3 .SP CO 

co x) 2 
— go 



coo 

O - CO ^, 



: X> 



3 T> 



• CO 

5 « g 
* a 5 3 5 



3 

to 
o 
Q. 



3 3 
XI O 

u x: 

U CO 

* c 

(U CJ 

5 jj 

t*-l 

Ci> 

O v> 

n -a 
•2 § 
.2* w 



e-g 

° B 
O 

§ 2 
° » 

2 2 
. E 
co ao 

s > 

to «->■ 



.Sow 



" 3 B - 



3 .2 

CO -4-* 

2 ~ 
" S 

• •-< CO 

B -O 



E 3 

XI to 



ca co 
ca o 



■ — 1 c £ 

CO ^ 3 

S3 2 3 
«S - 

X3 ■'S <0 
co % CO 

B c 1? 

B X! 2 
o 

O co n 

^ co 

3 B o 

<-> o co 

co co .2 

xl .22 o 
.•S 3 <o 

XJ M co 

CO X! 

J} £ O 
u o 

B X) 13 
co co i2 
> 3 J= 

» u ^ 

2 H § 

c — 

— > CO 
XI "1 XI 
CO -O *3 

tj U-l 

s - ° 



1/5 C/9 
O — 

tt> W 

■S.S 

.S3 " 
E '3 

xi „ 
o 5 



a. 5 



CO o 

5 co 
■a -g 
b j2 

C3 Xi 

"a »> 

co H 
co • 
° E 

.S S 



— to o 

- E.<s 

t; 1 — ' i- 

B 3 

OA 33 

CO ^ 

.2 W u 
co U 3 

, 5 E o 
Stj J) 

'0 C fB 



2x. 

B 2 

CO CO 

X! £ 

w ca 

rn D< 

^ 0 



O0 O 

CO . 

_ r — * 
w > 
3 —~ 

co :s 

2 -a 
•5 

ca ,aa 
co fa 
T3 w 
•e x> 
is i-> 

E g 

o .9 



.3 J? 



E 

co o 



!a^ 



S O 3 ■J 
Q « O g 

u, * * fj 

xissraocoiw 1 -" 
— »caca_3oxio 
;o -a < :s 'cj"ca_-P B ~ 
<r:Bui^Sxi>-cop-. 

cjjj gs«ia5 °xi 

$5 o 2 a. ^2 S 
co 2 2 

<2 2 



a, c 
.2 co 

a > 



if 

CO 



CO u 

■« 5 a . 

co »- _ co 

E 2 3 

" S2 c _ 

fi S ii « 



S xi 5 
2Ss 



03 



ca b 
cu co 



■S X) 

u 
.B .5 
E 

co o 
o o 

3 - 
O 2 



■S o 
» % 
o '0 

2i CO 

CO CO 
XI 



<u 2 

o 3. 

E -° 

CO I-l 

U, CO 



CO 

O0 V- 
_ XI 

.3 u. 
ca co 
oo CO 

* CO 
XI 



°= S 
co o 

C XI X) 

2 ~ 

§ 5 2" § 

. CO _ o 2 
o * "S -C ja 

2 > § 
S2^ 



B 
O 



o 
•a 

B 

- e 2 

«> .3 5 

C j-« 

* 2 



CO 



2 o 
-S 5 



s — • 

'3) : B. 



o 

. ca -m fa 

CO CO " 



w -3 - st 



2 <D 

p ^? 



25 

£fi i«|i-sl 

o 5it<Oxi SJxixi 
m3xi o t] 3 j: w w ca 



•a 



o 



(5 



« 3 x> 

2 CO CO 



x> 

CO 
CO 

B 

CO 

> 

X) 

ca 

•O 
B 
ca 

B 

•a 



XJ 
CO 

co 
o 



B m 

CO .co 

"eo p 



O 1-. 

xl co 
a, 
o „ 

xi 3 

13 to 
o . 

S m 

.s 

CO *o 

a 

2 § 



CO XI 

a x) 
U S 

co 2 

3 B 
■S CO 
3 XI 

53 fi 

2 -a 



*0 CO to 
&, tM 3 

.2 o o 

c?:2 co 

2 to x» 

. l O -3 



42 « ~ 



co 
5 



3 B 

to .3 

co 2 

XI XI 

*~ CO 
O XI 



B 

CO 

a 
o 
Cu-o 
E b 
o ro 

U B 

00 E. 

« « 

s — ' 1-1 

■a §: 

1 3 

la ^a 
«> 2 

r-4 « E 

2 o " 

"SO 
co O XI 

o c •- 



O CL, 

** o 



CO CO 



- & 60 



to co co 

S -B XI 
O ~ *3 



° CO 

.S3 B 

B ° 

5. e" 



9 a x 
a. 5- 

tJ g 1 8 

O .3_ XI 
Q, 00 co 

a, xi > 

3 "C B 

M x> 

P to CO 

3 2 

00 



2 xT 

3 2 

to tJ 



to CO 

2 •« 

CO © 

"a 8 

3 M 

c » 

B £ 

CO 

co 60 

o ,S 

XI X! 

3 g 
00 g 

CO *» 

XI o 
3 

2 oo 
o S 



- o 3 

g - xi 

X( p £ 

1 o o 
S ca 

2 -S co 
E co 5 

B 



« 3 ^ 

2 ta a 

B h o 

o o §• 

" a M 

■5 >, -o 

° g 

cO 2 



co 



3 ca ~ -a ^2 

2 2 S u b 

to o a u a 

O > CO > cO 

Cu co XI O o 



OJ o 

CO 

*» XI 
to S 

So U 
CO J3 

a o 
.3 CO 

CO CO 

XI 01 

c 2 
o 2 
u ca 

CO E 

to a 
to to 

a o 
■o — 

l< 

9 2 
2 so 

E B 

CO 2 

s s 

U.2 

l-i ' CL, 

o^-o 

r>. l-i 

CL 

B g* 

co ca 
o u 

" XI 



co u 

> l-* - - 

030 

S 8 .2 
0 £ o 

ca c 



X) 

a 

co 

CO CO 

3 

B 

a 

CO 



CO 

E XI 



co ca 

-° a 

o 

l-i 

co CO 

■" H > 

a o 



S o 

S r 

CO **-» 

■3 O 

c — 

'"■ co 

~S i- 1 

3 « 

3 .a 

CO xi 

Ui <0 



CO O 



'3 °J 

OO CO 

II 



O CO 
3 X! 

O CO 



o ^ g _ h o 

CO 
XI 



— cO 
l-l 

u 

to ca 
co 3 



to ? 

1 1 



Z =3 -S « 
« - 3 

a 

B 
ca 
u 



.s 

" x> 

I- "7? 

CO CO 



U 4-. 



CO co 

?; °o _ 
0 2 § 
"8 S-S 

ca 01 

3 00 2 
a 

s a 2 

^2U 



u-i CO 

0 « 

CO XI 

XJ ** 

*io a 

_ o 

2 3 

7a -9 



C CO p 

■3 H S 



a 
o 

co o 



ca o 

Li CO 

2 to 
CO 

X) .0 

3 XI 

B^ _ 
^J* to 
i» co 
1- CO 

ca -z? 
T3 2 

o 
t- 1 



co a 

.2 2 

s * 

3 >f 

CO "Sj 

33 a 

a T2 

a 8 

CO . 

3 '. 

a a 

g » 

CO -w 

co •- ■ : 

2 E 

.2 0 

oo^ 1 - 

2 S 

^3 S • 

2 

.2 t^' 

■O <a 

co 3 

*^ 3 

t- B 

co a 

2 ca 

a o 



E xi 

G c 

iO X) 
to w 



"§ 0 
n co 
•3 u 

o ca 

fits 



3 
x> 

. E 
E 



X! iS 
^ 3 
O B 
— B 
rv ca 
2- o 
co 

X) XI 
CO -- 
3 
OO 

0) 

X3 



O t> 
00 .5 



•- o 

co xj 

3 a 

a «> 

E « 

ca xi 



< 



V 

X 
V 

1a 
X 
H 

s 

O 

OS 
Ui 

> 

3 
2 



CO 


z 


3 


XI 




^3 


4— J 


> 


to 


ay 


0 


bl 

O 


E 


s 




HI 


U 


> 


a: 


CO 

a. 


S 


OR 


sal ; 


1— e 


a. 


u 

0 


0 


01 


XI 


a 


3 


Cm 
O 


a 




val 


0 


il 


ect 




OUI 


'a 


So 


Tip 



3 
O 
-B 
to 

B 

o 



co 



co E 

to ^ 

•o a 

co « 

xl E 



3 
a 

op to 

CO " 



co 



E 

ca 



> 

CO 
CO 
XI 



. 4> 

CO xi 

to ™ 

<° .■ 

CO CO 

^ co 

3 a 

CO 

a «> 



23 

CO 

o 2 

■o 2 

co x; 

w co 

.3 - 

8.3 

— CO 



co 

3 



3 33 

co 3 

S " 

CE 

3 =3 
=? 

to M 

CO M 

" 2 ~ 

o o _ 

O XJ 
B 

3 f- 1 

" 3 

o M 
'C u 

u o c « 



to 

_ CO 

I _ X3 
1 XJ ~ 

00 

B 



to 
CO 

a « 
o 2 



co 6 Si 

XI CL to 

*- ,» 0 

til *-* co 



O -B 



D, 

CO 
CO 
CO 

a 



3 

XI <-> 
CO - 
CO ^-n 
XI J" 

to 

*TJ CO 
O to 



■ CO 

35 

00 2 

xi to 

CO u 

8-3 

0 C3 

ca> 

co C3 

S*6 

W B 

B •> 

^ | 

co « 

CO o 

5 "« 

3 X! 

B O 

•2.3 

1 g 

■a .a 

L< CO 

U to 
+-* 

CO CO 

— xl 
CO 

^ t*-l 

B O 

S>2 

t; 2 

^ a 



•S 3 

■3 co 

X! 

* CO 
^ X3 

e .s 

ca 3 
o 3 

O U 
co 

w ^ — \ 

CO i-t 

3,—Z 



& 3: 

xs 2 

** 5 

o g 

b 3 

ca a 

X) CO 

a — 

3 3 

O co 
Xi 



co 3 

T3 0 

L* W 

CO ^« 

3: S 

CL E 

3 CO 

"° t5 

co H 
4-1 

2 a 

.3 CO 

xl .S3 



C oo 

co a 

-1-1 .3 

e m 

CO CO 

co E 

5 a 

0$ 

w 

3 ^-v 

3 2 

3 g 

=• « 2 -S 

.3 B 
OB O 

CO CO 



« 00 

CO 5, 



E2 



co 3 
2 

S| 

2 

3 o 

3 33 
■3. to 

5 .0 
.5 2 

CO « 
■a O 

? 2 
0.5 
3 

"3 a 
CO 3 g 

tO L. 

2 o 



•s ^ 

o - 
.S °o 
fa 

CO O 

5 

.3 > 

CO 

CO CO 
XJ — 

• ca 



« .3 



CO w 
CO CO 

43 00 
CO B 

2 

B"S 
o 3 

•2^ 

o is 

M eo 

2 3 

~ '5b 

CO 

<5 E 
CO cO 

2 "° 

3 o 

S a 
o 2 

— Xi 
CO *-* 
xt co 

u CM 

o E 
cl'e 



> a 
S to 

5 o 



CO >- 
XI o 



^3- 



3 

3 
a 



to 
e 

•s 

1 



■5 



o 









I R 



.is c 
— • o 

■s '5 



gi 

2 o. 
■a o 



•> 2 "P 

u. CO CO 

•*» - a 

to o U 

e '5 



o 

J3 O 

_ > 



I 2 r s - 5: -S 



c -a 
o c ■ 
■a to : 



a a & 
P u .2 



XI 

O <** 

c o 

o o 

■a c 

o us 

8 * 
§ 



O , , 
4> O 



« "2 

■° .s 

.2 s 



S o 

t-H CO 



ra o *- ^ 

a 3 o .5 -3 



t: o 

c 
3 

— u 

3 X) 

•A O 



— U-t 

M-t CO 13 

o « - 

111 

E S 



iZ ^ 3 

o * * 3 3 3 



5 3 



3 55 

to , 

— CO 
CO 



- s 

•a « 



o .a 
"C 4 

w CJ 

o o 

> Oi 
5 "3 T"* 



^5 ? c -5 



•a 
13 



CU). 

E 



i- > 

_<o ._; 

O J5 

c oo 
o -S 
'5b £ 
2 S 

00 T3 
E 

•d O 

10 
■O ! 

.s u 



I* °- 

u n v . 

> E? o ' 

73 5 « ' 
u. U s> 

•2 . 
2 ■ ~ 1 



u O T5 

u si " 

CO »> > 

Q..S o 

O M § 

■n .s K 

to O CJ 

O j~ 4) 

ft to XI 



.2 'Eb 

'l-i CO 
CO to 
ft 



B 

3 

c 
can 



c 

E 

CO 



^ C«5 f s- o c - So 

G 5 u-< ^ — ^ ^ s2 *-» co 



u CD 5 2 



a P 

° P 

<U P 

5 tN 

6 g 

~ 'S 

CO o 

« a, 

O c0 

o .P 



_ l—l U-* 



■a °« 



x> u 



3^ 8~ 

« 3^ 5 



£ .2 'a 5 



_ o 

CO "O 

- c 
o 



p ^ « -o is s - •= ft 
a 2 s 1 £ ^ e s £ 



—i p o " 2 

u Si a, S -a a o 

•a Jg p s?g 

il §> £ p £ S § 

O — Tl 

. « W CO CO ~ 

/ s rP - 3 CO — 

E " OS u S 3 



6 

CO 

P g 
O X 

.s S 

00 « 

p -o 
o c 

— CO 
E D 
C P 



c o £ > „ n 

cm c -s « c 2 

« * o a 5 * o 
.. "g E 3 

P ca „, to -p ^ 0 



a o 



3 

o 

o -5 

O. O 
O. o 
CO ^ 



p -o 
E 



o. o 0 c - a 

a o — '& £ c a 

» f 2 0 " m 5 

_ B JJ £ -S3 P 3 

.2 I -2 ^'S? S 

•S3 & _ iJ " X> ^ 

.E « £ C ^- ~ o 

U o >n p o o 

T: P O > 1-1 w CL. 



cn .a 
>. ti 

S > 
2 « 
.15 
S.S 

M _ 

fx <u 

O ^ 

•° E 
2 E 
§<= 

■S 7 

§s 

H 2 
^> c 

S CO 

S cx 



o 



5 




i3 S 



0 = 

o u 

"3 O : 



cm 



g "3 

11 
.5 -o 



k> 3 



a. 
o 

« 
00 

E 
S 



•a " 

s 0 
P '5 



o t- 1 u — 



8 

o 



S3 O 

3* 



^ — CO 
*- — u. 

o 3 



o 3 

■ is 

a s 



U 13 .i2 

*- « « 

c ,2 01 

3 «> cj 

S o 2 
•S rS 



J3 > 

o 



CJ 
J3 



E 
o 

T5 



CO « 

Q-~ 
O b 
to O 
OO 



o "> 
P -o 

'.2 ob 
< c 

to G 

SI 

.52 -P 



CO 



X! u. 
O 

2 o 

c o 

o ~a 

o CO 

w o 

H g 



O co 

CO Q« 

x> u 

£ ° 

5 o 

2 <3 

^ t/3 



O 

E 

o 



CO 



CO 

u_( Co 

3 'S 
to O 

13 S 

— CO 

J 5 

H to 
■p to 
C co 
O C 

> a« 
to « 

X! ^3 



CO CO 
X) 



3-° 



E 60 



CU . 

P 3 

CO 

u 

U to 

p — 

. 00 
CO -o 

5 CO 



H S 73 5 



<m CSS 



"C P 

Q. " 
E « 

cj ,2 

CJ o 

— OQ 

'5 6 

S s 

> i! 
2 § 

Y% 

2 .2 

>. v. 

p 2 
■p o. 

•s ^ 
il « 



£ 0 

O w 

is J= 

o .£? 

CO S 

w W 

O 03 
•*-» 

.5 fj 

to 'c; 

w 

CO CO 

P JS 

o _ 



JH » 1) 

to 1-1 > - 

CO . M 

g 2 

C8 XI >«> 
CO "S3 CO 
CO § » 

•S £? w 

co 3 4J 
o » < 
p ju 

p 

o " J 
MUM 
i; O P 
w to 
hi to 

™ co 13 
S -P m 

x 2 >o 

_ to cyj 

5 § 2 



e -3 

8.3 

CO 1_ 

-° c 
o o 
> 

CO 

2 to 
n. o 
a. a* 

CO X 
-w CO 

14-1 co 

X) 

co E 
£ E 

p ^ 



a.fe;2 

■g 3 S 
3 o S 

w ^ <*-l 
o to o. 

tie «j 

P CO ,C0 

Ext 
p ~o « 

5 » u 



3 ^ 



■5 E 



- CO 

x; 
o « 



•a . 

=> s ^ 

"S g CO 

T3 CO T3 

c ^ *1 

ctf c/5 « 

to to b 

<* '» s 

**-4 CO C 

O 3 O 

2 1-1 S 

X> <o 1 

2§g 

x: £ 00 

to t-* — ' 



bo ^ 

CO 3 

X5 co 

" § 

i; o 

o L. 

^ a. 

.S2 co 



to 
O 

CO CO > 

C 1-1 - 

w « # 

~ CO 



73 T3 

co a 

O CO 
CO 

-r tn 

&i o 

.s '5 

3 2 
u = 
. p 

Z s 

S 43 
X> 

a p 



co co 
co 

t-i x: 

CO > 



P K 



is x; oo 
SHE 
a . w 



2 

o '5 
p e 

co o 
D.XI 

c 
O 



e to 
O 

EC xj 

.» Ct, 

ON S 

« 73 
. i_, 

to Xi 

P l-< 

t- CO 

p U 

CO 

CO T3 

» ^. 

to O 



-H-S 8 



= 2 



t*-i B 



CO 73 

x: co 

D. U 
to 3 

■a 

o 



■a -2 

O v> 

E e 

CO 



^- > 

CO 

a. 



CO to 



O 
CJ 

ECO 
to 

3 a 



2 E 5 

i=! 4) H 



a. 5, 



R ° 

2 fS 

CO ^ 



CO 

Sx 

j= x> 



n 'I £ 

CO ra is 

.22 "C u, 

J O 

— - li. 

• So'? 

*-* rrt r-! r 



CO ^ 
-p (1) 



o 

■B .i2 

<u CO 

o -a 

to « 

o x> 

O t> 
ft X! 



, i) ca ftx! 
js E h 



_ o ?► 

3 **-• • 
to O t-H 



•5 6 



o ft 
X! ft* 
"to CO 



O O 
ft ft. 




On <0 „ 

S>-^ o 

.£ 0\ o 

— r- c 

. V3 ON 4> 

d, s h a 

a. 0 a, .5 3 

- J3 -Ml 

n «- c o\ 
O w o *o 
ia o n n 

o > o c . 

9 ° « ^ 



£ •§ 2 o 

CO cd 

m « 



=5* 

03 



3 £ 3 3 - 5 

-a -5 o J= c ? 



'3 •§ 

J3 It? 

o 
pa 



1-1 . 
§ .9 § T 
-o o 

m 



o 



5 



to 5 



oo 




« 
o 
2 



g 



S 



o 



a, 

8 
c 

o 



3 "> 

O 

"> 

co o 

<0 O *j 

3|l 

E C in 

° .y 
u 5, .2 

S o " 



> 
'3> 



o c 



V. >. 

ll 

O S m 



'l-s 



S 5; c i 

S -a -2 3 

- ; a ,• 

O S O B 



8 S3 •£ 



•^<3 1 3 -s 



g a, u 

3 2 I 
■o •§ io 
u- o 

e J3 -n 
5 ° « 

1 3 1 
o g o 

■° J 8 



3 >n 
opo> S2 



e£ © PS -J 

S J* ? ±3 

£ .Si £ c 

"O T3 O- 

C O C U 

< . < 



. - c ^ 



PS .§ « I 

<C < 



c 

.2 » 

~ O-i 

8 1 



> 
'5 

CO 
GO 
X3 

•c 
E 



A! 



8 u 



i o 



2 -a 



u 

(5 S c ij 



2 a: 



OO 



^ 3 

. o 

PS § BJ 

g 8 P 

C 

< 



•o 
c 



u 
u 



£ o 
•a - 



II 

e 2 



11 



IS to 



E 

<U C3 

J3 — 

*- O 

mm ^3 

° ^ 

OS) . )-> 

C OO w 



15 « 

o . 

'•a w 

s S 
■8 § 



- i2 



o 
E 



2 O 



-5 « a S a 



S 2 
•S 2 

DO 



t/1 , 



a t 
E « 

Ui 3a. 



CO 

6-8 

. o 



2 o 
»-i a jo 
o •= " 
g ^ IC 
a -d : § 

D. 
W 



e »j 

U g 

m a 

2 2 
S3 « 
> 13 



PJ 



p 



a C- 



* to -J rt3 • - 

. PS g>PS g CS 



I 35 o C 



& c 

< 



■o o 
c 



= Si M 



CO 2 

=3 § 
to O 

13 5 
o 35 



o r ca 

i ^* 



~ 8. 
a " 

CO V 

. x: . 

^2 

to 55 
\o co r? 

<A M 

& 

^ps-l 1 

PS-g-5 
< 




00 * w e 

2 o 

S3 I 2 ri n 

O xt- <o ko o 

S m -o I ■& 

c «*> c ^ re 

co O 



•n <4-4 «4-l 

c o o 

" n 
r o oo 

►-, b o 

* to Q. 



o ™ ro O « 0 ■= 

c .2 « 7> >- 2 

ll|sSSo-o 
9 «| w °* a 



I E §>o -STg 

» re .2 oo o S 
S ■? o •» 

r» tu 3 
oj 05 U ^> 




20 £.2 

<S ~>. 2 ^ 7 H 

E 



^ pj | Z 3 -S S 



-.1 * 



00 



.£* ^ ^ 

^3 



b "3 to re c 
- - « ij DC u 10 

§ I- -.S -< c 
S § « | £ 3 

■o c ^ « ~ -S .<-<. ti - 



w E 

3 .S3 

2 B 

_ cn 2 "> 2 

- g co r .o E 
- — « c .3 



j- §".2 o -rf 3 3 



S E 
~ -a 



3 n '3 a "< 5 « o c -a " ™ 

o i~> w a, . u o re o 3 .- 2 u 

^ "C r J w re . a . < ij .t; % 

■ ITl 5 < « B. ^ M CS ^ .-3 •£ 



Z 

— .2 "a „• 
<o o sq 5 

o o 
Q 



So o 

■«»«■ . 

p . o <o 



'3 S 

f.S' 
E C 



8 § 

£ = oi - 
n u o 



Si > — ' 



53 •£ t> O 



is c 
•a B 

e h 



p 



6 1 
^ -3 



E 
o 



S * til .2 2 n 'C 
o h u „v .5 = i2 f3 

CO 



^> . 

• -a . S. "5 
•Si & Si o~ ' s 

g a n 2 

8.^ ■" ° 
a r5 f • 

races' 13 
O ;H g c - 

1 » •! 3 ^ a 

. o - ° o — 
-> E *"* .S ffi -g 
d .§ 6 ^ 

* O - S • u 

? q 5 * M "! 
o £. O ^ 

.2 - .2 E c o 
3 § "§>.§ I .3 

o o o 



o 



"2 



o 



T3 
C 

E 
u 

U 



o -2 
2 ^ 



r 1 *T" "TT 



^ S 



— I 

ca oo 
O On 



5 °o ■> ' 

O CN 

5f> e 



13 C i 



2 8 
Si 



5 ^- C 



^ "2 P 



4) -S 

P Cq 



: a <° 3 



■= f- 



o 



BO - 

B & 



E 5 



CO 

c 



St 



.2 SZ 

c .S 
c 2 



1 
o 



C3 



u c> 

■go 

ra .5 
r '« 

O 5 
c 2 

O 

DC E 
p 



3 2 c - - rr 



^ — . 



Co 3 

2 .2 

ro 2 

_ °9 



jo 

J3 



O » 

S o 

to *0 
'O 

^3 0) 



0\ 



3 
- 3 
* E 

■6 " 

T3 O 
C "B 

O0 



.S — 



o .2 



« o 2 8 2 

o u 0 



E 



§ "5 ^ 

J* <3 00 

w „ 
•— 

O C Ov 

O. 3 M 



.S ^ 



3 C 



73 s 
c 2 



.2 "I 

« .3 



g w 
5 -o 



a .e ' 

I-B? 



U 



~ to 
O to 
C u vo 

^ — s O - 

co to 
as .ti 

w o S 
^2 



O R) 

•O S K 

C W .k 

co c o 

°- .s '5 

III 
O 



I 
•2 

o 



to 



M 
T) 

-« 

' C _ 

D W 

■ o 

• 3 

M to 

* § 

£ B 

c > 

< « 

•o S 



On" 
°-s -~ 

« 8 S 
i "> a 

s _-■§ 

age, 
o g-| 
" ° ^, 

.2 « S 
S3 c = 
o o o 

60 § S 

<= 5" J; 
"■o 5 £ 

B o 

c -o 
o 

U 2 



o 



CO o 
On . 



jv; <o 

? TJ 

O cti 

43 C 

2 O 

C CO 



•a 
c 



4) 2 



a. 



■2 S 



° S 
° I 

M 
i « 



CS 
00 



8 ~ 

Si 

all 

to g 
U _ 

^ o 

?o 

t-t 



to o 



C 

.2P 

13 
C 
3 
O 



Q. 
« 
c 

c 
o 



3 -3 



o o 

00 j>> 

ci) 

c 



00 

a 

'5 
'a 



2 



5 O 



2 - « 



^ t ' I 

2 i o 

•J Ot o 



3 £ 

O J3 

2 3 2 



5 .3 



— • - xt 
o 



a 8 
S a 



•s < 



II 

6 ~ 



3§ 



w 

1 53 

* E §> 
^- to -3 

> e ° 

o a. 
r §"§ 

^ 2 o 
s 8 "5 



^3 ■> O 



1 1 
■2 2 
■2 m 
05 S 



cd o 



p "3 



•E -o 

e 2 
m o 

(-4 tO 

00 'B 

•§ s 

E -o 



JJ CO 



Ot o 
^ tJJ 

! tl 



"2 O 



t5 



^3 O 0- 

u 



o o 

- to 



.2 . a 

IS 5 

.Eg" 
s> « s 

§ w E 
°- • o 
-a Z -a 

w to js 

> J. t0 * 
CO t*_i 

og-o 



2 



o >g £ 



^ 2 O ~ 



£ 2* 

g E » 
• S £ 
£ -B . 

o >< . 
. «> to 
c a. . 
rt c O 
ESS 

B ° ?^ 

o o e 
u 



CO • 

? 7 

.3 oo 

c » 



to 
o 

3 

re 

o 
,> 

to 



•S 2 



S O 

C u- O 
AOS 

E c 3 
w I g 



/-i. 2 

°\ '5 

r 1 E 
w o 

. o 

E 3 
H B 

_ OO 

o r J| 



!3 E? 



Or 
B 

~5 

o 

J3 



■3 -b 2 .S 



co 
."2 *T 

c s 

8 S 



o -o 



•a vo 
l 

oo 

C Ot 

m 



5 « 

« 8 



g -a < ^ 
E I oo o 

E ?5 O 
6 



o _- 

§"H 

x 3 
o <u 

Z nj 



CO > 

I? 

- O 

^ s. 

II 

g ° 

O 

<"J 



E 2* 

o r> 

J3 J. 

0 kO 

S co 

1 & 
.§1 

CO o 

< 5 

O | 

B c 



o 

5> 
o 
e 
3 
E 
E 

i < 

O o 

p.-s 

u 

si 
«i 

. o 

B >• 

= 2- 1> 
O 2 ? 

c "< oo 



d 



5 

j 2 5 

3 ^ 

t0 

a h s 

S £ 
w v2 a 

< ■£ ^ 

00 " >> 

CO o ■ 
= J3 



~ co o B 
2 = J3 w 

"6 " 



I 



CO 



i2 

e 

5 1 

.S J 



•6 



co 
c 



c 

3 



op 

V 



f5 » 

3 5? 
« 2 ~ 



^ . 
a to 

C 



sf "S^ 



co 
. E 

00 C 
no O 

- > 
a> 



on 



■ .s >- 

a. g « 

« S a 

CO ~ -- 



t 

a 



CO 

m 



^ o\ jo 

,g 00 T3 



S 3°° 

.-"as -a" 

G 



m 2 



CO J* 



« o 
vi o 



3 •*: 
ITS 

S3 CO 

% . c a 

1 J"? 

— o .5 

? o .5 
5 S g. 
* »c 
e -5 



eo 
c 
C 



■a -i 

S J 



•S.s 

•3. a 
oo S 
R u 



O o 
o ° 



w « o 



ca 

to O 



S Q 



■a ■= 2 a 



c 
o 

no — 
op -o 

On CO 



« J. 



-<s is 

5 



«-» CI O w 3 D« tfr 



>-> Q. 

- O 

j= co 
o "° 

03 T5 N£> 
*E 1 

^ « o 

H VJ O 

. u o 

- » n 

J3 Q. O 



S 



00 
c 



.c c 
o 05 

co 

il 

.si 

I 8 

o U2 
'C '3 

^ S 

co o 
u_ U 

o 

JO 

p 



u 



,0 

CJ 

'a 



e - 



M 
u 



O -H 



2 

D. 

o 



1) 

o 

S3 

w 

c . 
O ON 

a cn 



g 

•2 
S 



I'? 



s I m - 

o 



CO o 
On 

t-H — 

§ 

i 8 

■° «> A> 

= 2 ^ 
5 £ 0; 



CO 

U 

E 
o 

•o 

3 x' 

.2 « 
> 

CO *o 

.= c 

O CO 

S3 O 03 .° 



IT) 



PL, CU 
*ti O CD ft) 

'•3 -S . t§ 



1 



K H 5 

"s ^- 



X~S< 

ill 

55 



1 "a 



£5 

-; ° 



o 



CO 



5-3 - 

" I' 
ca o 



o 03* • ffl 



C TJ 



CO 



e 



■s § la 

o sis" 

a § ~ r> -5 a 

« j I 5 I s 

si 1-1 t; .0 
•is . y o*m 

.... g - 



s» b ? « . 

3 m <o 
a R 



CO 



2 ■ 

to On 

'3 ^ - _ 

"° ^" •§ 'S s 

a °1 8-g.o 

ili-sl « » 

°> *5 5- .is ft) "3 

0 ■»! =6 -S « I - 



o 

; pi 



a 
o 

13 



5| 



3 

o 



•= 7 a f 

NO 

s 



8 cu S 



o 

•c 



Ji 8 



CO 



' u 

! W 



1 "5 . 

« Cm 



S = I S * 

llB-S §1 
8 



3s" 



c 

CO 



x: On 
« CM 



I a: | 

Q . ^ CN 

g ?■ S S .h 
o a "o 

§^ S£ § 
S c r .5 -§ ^ 

so O e S d 
r-. ■f 5 O.R3 O 

s ^•^"•§ § « 

• Cq CJ *- 

~ Q h c 



u 



• .3 



e 

op o 

CO 



. 9> 



O 

H e 

. co 

<i-N g 

00 fO 

ON £ 
1—4 



-2 U 2 



r § * :a 



E 

o - 3 
c o 

O to 

E »u 

•« s. 

g 05 



1 ■= > 



a-* « S S g> 

O TJ O iJ -2 

t; c " <£ sg .9 

s - 2 * 8 -I<3 



•3 ^ c3 »o 



n E tJ'Jl 
u O U n 

,0 o 



8 oi - a 



>■ 

e 

t) m 
_ oc 

o 



< IPS; 



S"8 

c <» 

C O 

CO •= 



2 P. S <S S 



3 
a" 
o 

CO 

CO <N 



^ *-* CN ^ 

tn" 3 . . 00 & 

•A J3 00 3 ? 

J> -rr '" 



•C NO Nh •. 

c S •!: S 

.2 8 §> • fe 



ON ft. 



5 2<a 



•° -5; 
O .0 0 

^ t»_| Oi 



n 3 - — . 
--"2 &• . £> 



00 . 



• >, ^ O. w .O 
N cd r- O 



5 5 
a. 

e J 



W c 



'o 



^ » r- 

S « 5 
3 > 



g a 



m 0 o pq 



.5 



S o- S3 a o- 



■s ^ 

t^ 00 



>■ C t. - 
- M 5 > 



00 
"B 

E 

ca 

u 



S 7 



a T3 



1 -5 I -9 



■S J g 



to 



-J s 



.2 o. 
S3 E 



'o *9 _t-T , H 
3 o. *o Jo ^ 



ft) 



Si 

15 to 



vo 
00 

ON 



&; 

IX 

n 
o 

to 

u 
« 

CQ to 
•g ^ 

&i to 

. U 
C > 

*s c 

CO D 

s 



a. 
o 



•3 o 



o 



o 
o 



o 

s 



3; 
"3 



J2 >N 

O to 

.a -a 

E 



_2> 

is 



o 
•o 
c 

c 
o 



!3 .3 



Moo 
- T 

5 00 



2 
•S 
a 

'to Q 

co 
> 

CO 



c 
o 

E 
u 

Si 

t2 
c 



o 12 



o5 



00 

ON •» 

s ^ 

: tyo i3 
- _ 

r ra o 

6 3 



CO 

c 
.2 

i 3 
e 

o <w 
O l> 

"So 

3 ^ 
■o ^2 

•r •« 

iS 00 

u e 

e o 



0 
. 

Q. CO 

3 •« 
O 



c _ 



■ CO 

2 g 
S3 o 



5 



S o 



u 
•o 
o 
E 



I 

o 



.2 2 
5 o 



X 



3 

•a 
c 



c 
00 



J3 

u 

■a 
c 

CO 



<= s 



o 

E . 

t> NO 

E «? 



— 1 S m 5 . o> 

"1 I r» t* .r-i 



NO 



m 

•o 
c 



Co . 



* 3 

O 2 

E -S 

o % 

ti_( CO 

o cq 

a ^ 

g 3 

11 
2 



2 J 

-2 -a 

=>■ B 

CS CO 

«3 S 



o 0 
05 



o a 



II 
£5 

^ .s 
^ I 

On « 
. -Q 

H -2 

• «n 

M • 

C 

00.2 
2 to 
-o E 

ra t2 

w & 
. o 

-JS J 
S o 
O 



o 5 
^ ? 

00 ^ 

ON 
. 3 

M " 

- CO 
O0 ^ 

Z. 3 



ll 

•a S 

c 5 
•2 2 

bo 



5=5 
u u .2 
3 E » 



t0 vs 

•g § 

O CO 
CO 

On «o 



— o 1 

' **t "to oc 

°2S 



„ 5j so t, c o 



s ^ 

o 
- 0 
E <~ 

cs o 
in js 

. 00 c 

- o 



o 

§ 5 
r "3 

J ^ 

<b 
jo o 

■s §« 

■S E : 
S 

w ^ 3 . 

• ° t, 

•* 2 » 

jo • E JO 

a 



a ™ 

3 T3 
" C 

•o a 
CO to 

Eo 
to 

to C 

3 8. 



C en 
o . 



Jo 33 
u B t 

? - J3 

•p.s 

|0 8 
«J c - 3 

S to 



"5 

-5 



o 
Z 



3 



r-i >r 



7 

in 
en 



CO 



o 
> 



ON" S 

in 2 

op.s 
' -S CQ 

! 2^ 

• G CN 

u «q o\ 



8 =: 



■a • 
c ~ 
to 5 



S ■Q 
o o 

•q J 

c3 u 

g- 5- 



E 5 



.8 § 



& 2 5 -5 



•3 



^ — , . r 

5mH 



O 3 
. 3 

ca 

o 



TO 
C 

- CO 



t>0 

-2 2 T3 

o o 

.2 o 

u — t& 



13 I 

W01 
to On 

^ NO 
. c - 

O 8 



I 8 

■§ o- jo 

o 



. o. 

E E 

CO 

» \D 



lis- -3 

3 a 
S> o 



O, 0 

a S 
f S 



Hi CO 
O J= 

„ a 



•c -° 
8^ 



2 o 



•o 



8^ 

c 



■S 2" 

s § 

8§ 

ll 
o .5 
o. g 

g ^ 
§ .a 

to O 
ao 00 



u o 
t2 £ 

to 



. -a 
^-n o 

§t2 
2 o 

^ a 
c I 



.H c? 

O0 J«! 
O C . 

2 •* 



O 

e 
to 



•» b .2 



c C 

^ 2 „ 
*; o c 



CO 

S o 



•o 

■= ^ 

° (S 

J <— 

VJ t« » - ON 

.3 f >d 

to . 

0 o c . 

■a -s •§ -) 

1 813 g 
° 1*1 



s g 

a 1 

g On 
^ ON 



03 



_ D-T3 

§ E 

■ C 
4) 

,|e< 



0 ^ 



5 Jo 
O ^ 
to,— 

tO C3 

O 00 

o 



8 



00 -5 

CO 

00 



.2 7 



SI' 
O 



o 



2 « « 
e o h 



O" - 
O NO 

co m 



„ .2 § s 

to -° ^ . 

• CO « t/J 

f u-, N 
^ o - 

C3 ^ <^ « 

^ ^ "O t§ 
S3 2 to S3 

K K 



**-« ft) — * 
■±3 rn 
•S3 - ^ 

-5 . «>* 

a on .S t, 
« 00 a 
n I .5 C 

§ p S.5 
u ^ E . 

J R "S| 

-O C .S3 5 

•2250" 
1 (8 S • 

O ^ CO _« 

«- E 2P o 

O t- C Cyj 

>n § 'E _ 

K, ai O .3 
« M g M 



3 Z 



no a , 

NO 3 < - 
On O . 



"S 

O « 
"cO 

O E 

to\E 

SI 

ft. 5 

o ? 

•o no 
a c 
£ =5 

0 8 

W CO 
_* V- 

Q O 
<u o 
"3 § 



.3 it 
5.2 



cm 
o . 

. c 
to 5 

2 = 



•Be! 



^"3 So 2 

J 0 On O 
_ 3 w o 

lid sRoc 

c 2 - g J, - 

0 JO o "O rH o C 



in 



13 



1 



6 
u 

2 ti 



8- 



g 



D 



.3 

CO 

8 



U9 OO 



on - 

c ■£> 
'C .5! 

§.a 

.2 o 
o 5 



C8 



a 2 



5 »S 

r-~ a 
r- -2 

-1 T >J 



n 

a 

■ ' o 
- n 

s 



5; * 

x 

u u 
•5 "S. 



b\ 5 o 00 w .0 



r ~ 

~ O ft 0 O 

- 5 «3 -o a 

.-3 . 3 V J 00 

o > -g .a 

■g 3 2. I & 
« .2 53 J =3 -S 

S' »2 S K 00 
g C § . C 

O o 5 1 Hi 1 • 

. -o •* a .30? 

Hum 

>< N N 



o 



2: 
I 



ID 




< 

Oh 



a 

o 

a 
< 



O 



0 



4—1 

S • i— i 



a 

a 



O 

o 



a 
o 

• r-( 
•+-> 

a 

O 

>V 

O 

a 

B 



o 

Pi 



00 



z 
o 

O 
D 
Q 
O 
S£ 



co i2 >>.!2 <g ,5 « 
,2 '3 t> to \£5 CO to 



•o -!2 S £ 1-1 -° 
o o -5 M o "3 

•Sag- 



<u 

^" 2 



00 



*~* ■*-» 

C "ti tO 



CO 



Z o „ S es .£ -T 
a £ » g c ^ © 



1 I .a ■§ .s -° g 

to "3 



CB 
O 

"5b 



o 

tO 

CO 

E° 



8 

oo o 

3 3 

'11 
.2 S 

.O — 
CO •*? 



CO „, 

co K 
.3 a 
■o g 

CO 

•o 
co 

oo co 



^ o .5 

to B 



S CO w 



cs .2 



~ .5 3 

10 CO J= 
3 u CO 
O 



E 



co ^ 



2 S 



c 
co 

2 5 



to - 5 
jo i. 

o 2 



e <s> 

0 c 
■■s e 

1 8 
o <2 

^ 3 



1 8 

° o 
> 
o 

B 



Q C ^ — 

1 =3 " «= I 

!'|!| 3 

P c 

1 '2 c E ? 

" 8 | "S 

CO •§ .'" CO 

S co CO 

Lo .2 E <P 



Eco to 
CO 



3 



O -E .E 
B 

= 1.1 



S 3 



■5 S 2 o o 
•Q -2 o 



* 3= ?.o o g o 



O o 

E <« 
u o 

e S 



o 

E .2 

« o 

n o 

to 

t? to 

O to 



C 1-1 _ 

2 y s 

p -3 



(/) 



2 5 

> ^ 

CO B 

CO 

E to 
— 

•a e 
« -a 

CO o 

to 5 

S.2 

Cl> CO 

O T3 
O 

£ E 

? E 

a s 

l-i O 
O 05 



S 3 



B 



•a 

c w 

to 

CO CO 
C3 co 
CO .2 

1) 

b« O 

a £ 
J3 

o o 

3 ~ 



c 

s 

a 

■5 

E 
o 

B 
CJ 
00 

u 



3 

00 

J3 



a 8 



C3 
-B 



■a m 

B B 



Si 
B 

CO 

CO 



to 8 

CO 

E 

•3 ° 
,E 2 



n«.E 3 



... E 
co CO 
2 3 

E 

o 



8 o 
o M 
a, c 



-° o 

o « 

c >, 
S I 

> e 
2 «> 



-E ti 

MO B 
co ^ 

"a c 

to -2 o 
o ^ 

So? 
o o S 

o — 
D._ - 

x 2 •— 

e «> .a 
■a e -s 

X> .to 



60 ^3 

c s " 

O E "O 
• » O E 

is". 

cr B 

e u ■£ 

E o 

CO 

o .5 o 

••a «3 to 

B o TJ 

« 2 o 



E E 

— CO 

S 5 

CO o 

- s 

E T3 

CO E 

E <U 
CO 



u co 



E 

co 

no 



5 « g 

4) O O 

co O 
E 3 >v. 

S cr_g 
"o co 

S £ ^ 

"CD 



E £ 

co Z3 

S g 

«- s, 

o cy 
II 



0) 



b 5 



O » 



o „ 'a. 



3 

E P 



•5 5? 



C3 i_ . — . 



U O O _C 



O O 
w 

co o 

* CO 

8 2 ; 

C.B-S 



.S « 3 
>>~ g> 

m to « 

3 O O- 
60 E - 
CO CO 



•55 CO 



E u 2 

§".E I 

o =■ 00 

i-i O E 

^ <*3 .E 

~ I to 

1 a 



.2 |^ 



£0 



_C0 

o 



E « 
.S 8 
» ^ 



a -g 

<u _ 
> 73 

o -S3 

o ^ 



> 
o 

Oi 
to 
CO 



1> = 

£ -g 

to .2 

— X) 



E •« 

co .ti 



oo 
E 

E 

CO 
CO 



O ° - 

^2 8 -S 

CO 
E 



2 c =3 



O Cd 



° 8 



— c 

5 8 



a u 



Q -o oo 



= g 5 

3 = Z 

o .25 

= t=2 



?1 



— * ■ • C t= 

E SiS 



(...) 



S3 



O M 

.a 

3 °. 5 

3 o e 

3 'B - «> 



oo e 
'5 o 



3 

o c; -n 

E co £ 
O . B .g 



cs 

•5' 



£ B 

co 2 

E m.S " 

\a CO 



CO E 
k M B 



CO o 



c -a 
to 



C 2 o ■* 



a co 



CO 

^ to 
Ut co 
u ^ 

B .B 



•Is 



. W5 



To JK '. o 

2§ 'b 

to B B 

2 43 -3 



W 

-B o 



S .5 S 



CL( *o 



D. 



co c 6 
73 i- 

^ 

. CO o 73 

oi > S 5 
•S§" 

3 ^ 8 

c 



W CC to »— « 

- co ^ — 



to fc; 



n to \o 
•S O to l 

3 ^.vo 



o 
a. 

5 



CN 
•O 



. «> 

°0 _ 
to S 



2 -a 
a. c 

CO * 

5 B 

B Jlc 
•- ' o 

J3 u 



•1 



o ;« 
E 21 ■ 

Q 00 



•a 
s 

to 



5J 

-a 

CO 

Si 



55 



B°-§ 



■a .= . 
u -g co 



w S: 



Q 1 

CO 



S " ^ 
>> o K 

f 6 g 

B 3 BE} 

« e s , 

C co c oo 

2 b y fr- ob - 

._ 

CO 



2 .o 



O 



co 



2 g 75 2 



; j cs X 



CO 



— 5 tS £S M 

- E r-t C 



i o s . -it 



co .a 

J3 X! 



3 O 



S S? B 



* 8. « 

R x - 

o j< 

to *j t^ 

a j2 o 

co '— "o 

to S 



05 



E 

_ 3 

co 

..:£ 



u is- 

D. > 
>> C 
J3 — 



00 



^S3 

cod 

to 

3 . 

oo a 

5 e 



to 



^ 13 -3 73 «» 



~3 S 

<" T3 — 
CO 

; E 



B. O O 



5.s 



ii .3 
°--5 



oo o 
c 



S*5 



5^. cJ 



=3 !2 oi 



a. 



<-> l~. C " vJ 

E .9 •= !2 o 

O S 00 O -3 

S 5.5 ff-S 



" c 

■S O 



8 S 

T3 



s5 

O CO 



- So 

C N 
CO - 

i o . 

6 n ^ 
E co e 
>..£; 5i 

to v) S 

B % IK 

o D. - 

co "C -3 

to co oo P 



co 



r i 
5 — •- ' 



o 

02 



CO CO 
O0J= S 

o — — 



«1 

o! a. 



«r co «j 

S CO 

OS « 



His 

w co o 

; 2 . u g. 
! S S " S 

. (0 > 

5? 



° =3 

B g 
co C 

E , 
o- Si. 
° S" 

CO 3 . 
> CO r 

Q -S •§ 

• t B 

oo - 
-S S 

S g>-3 
e> S B 

Ml 

CO < < 




ft; 



to 



CO 
CM 



XS 
to 



& E 



E 3 

CO - 

e 



c u 



v-« <tl 

c o 
m 

E -s 

*-> *~ o 

a. ca — 



8 ~ £.8 5 



6 - 



& 8 1 1 J 5 

a J3 " *** " 



** 8 « 
E 5 



CA S/l 

.a "3 

o OS 
i) 5f c 
>■ a, 3 w 

^ S3 g c 



tt XI " 



£ o - „ 
>->ss 2 ° 



to « 



.5 -S -a fx, 

« 2 • 

* 0 § 

o .p -n 



' « 2 

ca '3 

2 ? 

CO -g 

o 



* 3 " o 8 

2 a '3 o 2 i 

— ■ it to 2 .5 ^ 

2 E a 

o *j .5 ^ 3 



3 S 
co o 
-o -a 



"2" = 

CO x, 

•> o 

to . . 

J> o 
o 



- B) 

S3 ^ 



co 

& « 

O .P. 



5 i) « > 

co to 



3 3 



W !L> -j 



P 2 E 

CO M 

CO 



CO S3 CO 
J3 „> hi 

00 



2 co 
E E 

co — 

co ca 

3 is 

js ca j=s "2 o 

o So cx.S .2 

? sal's 
- o rs 

o O > 
S3 „ 

o — 



a co 2 

> & § 

•2- S E2 

Q.-0 



c co 

SOO 

2 <-> 
g -° 

X! ™ 

a. c 

o E 

o 8. 



So cj -5 2 ° § ^ 

o _ 3 .a '3 « 

§ ^ -a « 2 o 

'3 ? o S S c 



E 2 
~ .2 

C - 0 



n .2 2 "2 

1 1 1 J 1 5 

O 



00 



- ^ i< 13 o 



2 " >i.s°t, 
xi 5 « "3 *a - 0 o 

*■* .. . CO _ >x 

a «, o S3 w «> o 
•a 2 & SP 60 •> o.t' 



S -ff o S •o 



EE* 
111 

1 -X3 f2 2 § •? 

.« 'S . ~ E 



C CO o 

o 



> v 

— XI 



a, 

CO 



E P 

S3 (/i 
CO -p 

S3 

a 



* h es 
•» x: S _ 

•a 3 & « 



° CJ 



CO 

a. 

on S3 

E - o» 



2 73 t- -° 5 
«-( r-* ■*-• O 

„ o 2 a - 



CO .. 



u 

S3 ~ 



'3 rg 



CO 

§ E 

ca to 
< 



CO v 

.2 
o - c 
u 

CO w 

E ra 
o co 

CO CA 

° -S 



R so §L ' 

2 5 e *> G 1) 

g „ J" q co £, ^ 

P •?= x» pi xj g> 

P £ S3 3 XI S 



O . 13 "O CO .tS 
" " . S3 •- * 



&>.a 



CO 



•a S 5 



2 



CO "1 — 

E tS .2 



co .2 

3 



CO 
O 

OO "O 

E ? 



o 

f3 4-1 



ra co 
co 00 
CO 13 



£ 2 



0 XI 

_ c ° 

w S CO 

6:5 

S ^ s o 

« fi Om 

01 1—1 



35 



CO >. 



B w - 
o 2 2 



CO 
I* 

CO 



a 

CO 

ej 

00 * - 
S3 -o S3 

Ut Ui a 
CO CO 

U 00 u 
- 00 « 
-r* CO 

i2 CO 
■e 2 2 



43 a o 

o 



3 = 



X> 

a E 
u 



2 --c . 

S3 3 O ? 

CO CO 

e c 



co 



co ±: 



M.2 •= rs 



co 



•o 
co o 
3 3 co u_, 
2 u m 



CO 



ca 



5^3 



> S3 c 

£ 8 § 
& u „> 



S ? .2 3 ^ E 

o -m o o 



CO 
X) 
CO _ 



. c 
? .2 

C B b 
■n H 

o -a < 



l|l 

c • 

s « o 

« o ™. 
<u co - 

O S 
w 25 CO 

43 « c 
U S3 o 

O — ,00 

00 ~ 

CO C 13 
CO CO 

« x - 
5 " "g 



"S.cocaooe SS 

S3 ? " ' "* »• 

in - a 

„ v 

CO o 

XI S3 



.S ^ O. & 



5J CO 



■2 •§ « CO 



co 

O 

o . 



2.^.2 g-g. 



■"5 2 



•P E 



C o 
O w 
U CO 



•o 



U FJ ^ = B o 



S3 

CO 

3 e 



to 
o 

JS p 



co CX, 

CO 

00 co 

y xi 



a. o 



00 



CO c 

"s x> o •- 

CO 



2 JE, 



CO 



O £T> S3 
00 CO — ' 
O "J- >- 
H 3 O 



^ .3 S u 3 a 

*— I M r\ r\ 



•a -o u 



S = o " 

S3 - .!? O 



SO -J3 

~ cO 



o "g -3 . 3 

O O U S3 

S 5 £ E 00 



. o 

00 > 



XI "O 
to S 

2 -3 



. ca 
to p 



- .E S 2 

= to S OO 

CO CO S3 

M ca 



P "S 
ca 

o u 

3 



CO » 



O CO S3 

. - CO o 

CO — >-* CJ in tO 

■° ™ 2 ^ co 2 

.5 iS tj -° ? 

2 C3 3 S3 o E 

c co *0 ca w to 



•O 

> a o 
S .2 .2 

•~ "5 to 
S3 to 
S3 5 CO 

w CO 

O U) Xj 

SO*' 

u "S o 

3 O r 



- E 



o o 

g o 
00 ^ 

•o 3 » 

CO u c 



CO 



o 
E 

CO 

s 

QO 
S3 

'E 

00 -2 

^ to 
00 

to to 
CO 

■n co 

o u 

S .2 
>, E 

CO to 

E -5 
*J .0 
§ -S 



G CO H 

oox 

O t>. 

3 CO O u, 

I 2 S3 2 

u ^ "° 0 

t/2 CJ (v> W 



R -a 3 co 
2 S3 « >< 
*3 CO 

O « >> O 

to "2 '55 ■§ 
CO 5 co sc 
to ca nj 

2 « co 

^ O 

E 



CO 



o 

to 

S3 <o 

CO .CO 



£3 h ca a 



^ 2 ~ 
2 § 3 

c E 



CO " 
r— 



O to~ 

SP <o E 

S3 CO to 

r* to is 
3; to 
3 to 



rc CO™ TJ to to 



33 - 

•o o 

10 Q 

= I 

0 i 
c o 
o — 

U CO 

a£ 

b £- 

0 o 

.is o 

1 1 

SS3 

o o jj 

to » 8 

ST) P 

- g S 



3 = r 

o o S 

'■Sac 
i o 

0 ■- '5 

— CO "* 
H g B 
CI 



« Si „ 



cc 

cn o 

E .a 




5 £5 s 2 
ra .c 



TO. 



O T3 



ftx: 



K 

5 



c 

— J3 



•M O 
60 



-S &o'~ ~ -2 « 

•|1 ; J^2 2 



g>a 



.5 3>g : '~' 5 -31 



2 2 

(!) H OT 

•ti — < 6 

° 3 

« 6 I c 

I £ I J 

G O ~ £J 

a 2 o 2 

•~ >. 60 CO 
G O TO m O 

tog 
•5 3 
E 

8 ■§ « 2 R - ^.b 

o -2 ,a>, o „ ja 
« § 

w 3 ; ° 

•a er »^ «> 3 
i 5 2 J -2 | 

■a °£ S e s -M£t «• 

•y * o « g - a .a "c.-s.gi w 



J* 5 ••g 

_ 4> • 3 

G'. 



. to 

G O 

c > Xi B 

S — «» 

S « 



is.- 53 

&B 3 C ° 



TO O .« 
X! £ 

5'* :S 



*5 E3 



C3 (j 

3 .2 

g 3 

2 « 
ft to 

o a 
a 3 
•- 1 t/» 

" TO 
of -° 



• M -a go 

•S ss ! 3 

» 5 42 ■* 



TO 



G 2 



.„ . E 2 
§>g-S"S 

j is I 



E TO 



B T3 
O C 



A -r5 



.2 o o 



TO 



TO 



a U 5, 5 o 
T3 CT- c O * -ti 



u ^ « 



2 " 



.2 TO U TO 

5 c «} 

& 13 — = ° 6 _ 

2 ^ m- « -g „ s^c^r;^ 8 r 



S -B 3 S 

: g, Sf TO vo 



S G S O 

u .2 &2 

.t! TO J 

"2 -o 



^ 3 




g jg 2 ^ 
S3 G s -S ° 

"<X> 3 w ? G 



to s Jf g-S-.gr-sl § I-! 
«§ i'g-I^^J § E f I 

<U ; O 3 T3 . 
S U TO 

g ° 8 

E- a) o 
a, J- 

o - • 



TO 
o . 

— . f-i -o 

•si s:>>3 

3 i: *; <u E 



<S n tS 
00 to o 
so » a. 

3 < « 
S3 ' S 8 S > £ 

a> w ^ hr< 

< S TI 1. 

O TO 




□If 



15 & & 2 fl> 

2 H 3 J= 
.2 o no 



£ 
v 



o - 
> -a' 



• .>>-f? ^ 



■» S w 

2:J3 P ■ -8 * 
6 2 

P^ll Is 



& I .§ 1 J§ 1 

o .5 - « 



.g -S W OT C > J= "»? T3 w -5 

g 3.ss>o g * _ ■§ S?|o.o 

C — T3TOX) C t! 



r •■ Bl » 3 

o >> 2 S 8 

3 t_i t. ^ rrt 




g'eS = 

— , i ca 



3 if -3^ .13 I-d .« 

E W' >: -I ~£ TO. ° 

• ■ "* "Pi fc-r g ^3 



u O O G3 
3 G X> 

g> o Z 2 



TO w*- 1 -a 

ft ? o t; 
E ^ = ^ p 



e c ° 5 .a -S, ' — -5 e 
« § .2 ^ E -f -5 & p 53 
0 "hw53E-M— 3 .3 



.2 o 



p 



S o u 



ra 



8 



■ y - ■ o 
00 o 



^ TO 



S <o c '3 
to > .g x: 

ft' 3 

3 . to , 



8 



L ^ / 



3 £ 
o « 

if =6 



3 o •= -ni 

~- u ^ 2 -o rt 
•5 E.^| 8^ 
O „ rs .2 ft ; ^I 

ft TO X) X> J» J3 



a n « o 
I > 2% 



o 



o 



s 



o 

<N 



.a X! 
U 



(0 3 • tJ 

E -2 -- 

C 

c 

s 



O G 



"S-9 



2 S 
§ 8 



X ui ca =; 

^ C C c .c; 

5-g y B !3 S3 q 



CO 



§S?JS . 

J2 -2 "2 
g « 



> 3 is 

'3 O 



to o w 
x^e5 to .2 



u 

- o 



7S. 



bJ) 



■3 c 5 S § 



tc ... — 
r o «C o • ca 
g x» tJ -o -n 



ft « ? 

g TO >v 
• 60- 



6 I 

TO ,2 



£ E 00 f 



f— "Tt m *^ .2 a 



. .= -a 



3 -a 3' ft 1 
^1 



— "5 -a 

M ? T3 



go 



^ ft 
8-o ft I":! 



^ »^'3 S2 3 S*T3 3 42 a> c g ~T 5 

" E a - § " S „i 5 Si !! 

— 3 > O.S.S S.!J B S o ™ Si 8 

u i? So 5 > o -a O ^5,0'" c a. . . e T-i 

3 o c is 



O 

? 

G 
TO 
O 



O 

E 



?>-. „ _ 

" TO W 3 

O — ■ <M 

ft ° "S 

Em >>-2 

3 -S 3 3 

3 a 

M 



o 

U ft o" 

§ .& 8 e 

> -C 2 n 
O O x> 

S 0 13 - 
U 12 no o o 

° ^ G C G 



3 ft u E -o 
.2<.o P G 



G xt'x! 

TO ^ r- _J 

P -B c a 

- - 2 -S o 

£ 3 E 7? i? 



o •* « 

22 3 
ex' 71 S 

W tH M 

O 3 

ft-o o 

3 TO g 

B-g'I 

V TO -3 

EO 

•o "S E 

G G 

TO >> 

>-J "2 

60 ? 
G 

'eb . 3 



I s s :! 1 

3 G « ? R 
«J M G * 



E M 



M 5gS 

— m ° X> 

"8 & S3 to 

"o M O p 60 • 

3 ft R c s 

TO O 



3 



^x: o g ft^ o g 
d-s 5 8 S d B ■« 



3 o 



O 

M 3 



c 0,13 « -c rt 

O O M to o 3 
„ 7< 3 Q. is 



ft 

TO 



?fls||2EMftE^.^ 



u 
X! 

60 

c 



E M 

M "O 

o 

XI 



X! XI 



-- "5 a ?2 ° 



^ E 

2 g 



|-c 3 3226|g||5-?- 



TO 
O 

E e 
2 = 
* ,2 
c 



TO a) 

E£ 



|2 El 



3 2 > 2 o t> >3 



3 .a 

a -3 o 53 G 
i« x: o <b c 

S? » 3 ft^-, 3 

g e 2 a .a j> 



to o s 

— a. t; 
> 3 Z 5 5 

60 M prt 
= •0 ^ g _ TO 

- «« 5 .« a a 

<« O M > § _3 

g Si 2 > ■§ 

i; g SB'S S 

TO (-1 Q jrt 

-B ,0 CO c 60 

■ " ^ *j " y 

M 3 X^ t"» -3 o 

3 .2 ^ g 8 ^ 

5: > =3 ^ 3 i2 

o .3 » R « 

■5 5 a - 3 « 
S-w o p 




w (0 W U 

rt C m po G > 
ft to O CJ "O 



S 
Id 
H 

CO 

>< 

J 

o 
a 
o 



T3 

ca 
o 
a 



60 XI 
G O 

3 

o 13 

O -G 

2. 3 

GO 
I) O I) 

r '3 i 

TO 0 
G £ > 
• ~ ' 1* TO 

■o 2 - 

M x! 

£? E^.a 

M o -c 

E * 
<o 

E 



8- 



o."l>8" 

60J3 ^ 

xj x> 3 

O M to 

"> '•3 13 

* TO O 

& 2 E 

2 TI 

tJ 3 73 

M TO O 

8*.s 3 
^ 2 o 

TO 



60 T3 

3 'a 
o 2 

^ 60 

S5 3 
o S 



U X> 
3 M 



a -a 



MO E 



1-1 w 



a ;S 

_ 0 



E 

<0 



TO 

X! 



to 



3 "° O 

? m a 
ft s 

o g 



s 3 

£ TO _ 

3 jb S 

w M 5 

>» c J? 

« G > 

— H 

U {3 « 

lis 

6 M TO 

"S 0 3 

O M 73 

>» B *w 

2 3 

& o o 

ca O O 

S ft 

M " O 

*-> M u. 

CO *^ o 



" 3 _ 
"3 M 
xi -§ M 

■gaa 

Ss = 
"5 * .a 
™ "2 tJ 

M JB O 

•» «" ° 
■B 3 1 



S TO 

6 03 
X) 

3 G 

TO 
Ui 
G X> 
•3 I 
« -O 

I J 



.2 3- 



2 « 

G 

^ J: 

a 



60 w - ^ 

O m g o x: 



I 8 to 



ra 3 

M T3 
M 



5 I = 
C 



ca 



!r! to — 

2 .SP 
ft. 3 M 

3 a 5 



Sxf 
2 ~ 
ft^S 

_ M • 
X! 3 



O w 
■j3 ra 

T3 J«( 



2 XI TO 
OX! 

O " _ ^ 

S £ o c 
a *^ ra <— 
i-« G rr 

2ifi^ 
' o » i 
2 2 a 0 ! 

° g 1^ 

O O > a; 
XI T3 it 

. » S K 
2^ 



a „ 

x>3 
5> ^ 



P » 5 ~ ^ 



0 a. ^ 

TO ^ C « 



00 



Q 2 fj 3 '5 i) 



3°B 
B TO 



O -o 



C o 
O X! 



fri P « 



■ C u, o X? 

sal M-g 

« « 2 3 

s •« 5 - 

.2 0 =t u 

o o o 3 

3 2 i 



o 



oo 



•5 



■a 



•a 
3 
■5 

5 



u 



5 

o 
w 

K 



Q 
D 
f- 
w 

< 
u 

S 
W 
X 

u 
o 



■a 3 



s 

o 



■ ■§ 

2 o c 
•a - U 



o _ 
E o 

4> "~ 



S.eI 3* 
8 is §| § 



4> 



o -a -y ~ 

>H C - U 



ID 



.8 -a I 
3 



=3 °- 5 g o 
2 « - E •» 

s s § 1 

3 — , "(3 <u 

3 .2 .2 a 



3 

- 8 

a. o 



6 5= 

co C 

6 tj 
u« 



Ui w 
O -3 — 



M - c 

-3 4> o 

— £ w w 

t? 4) 32 „ 4> 



s 

- *3 



o w 

S •= 
o w s 



•o u « « c o xj u 



3 C 



ts 8 



§ 2 
S S 3 2 



4) 

2 2 

■§•5 8 
a o E 

5 «i E 
to u 



.2 
•3 

4> 

g 

4> 



XI 

■ 4> 

TT J= 3 C 
4> X) 



5SI 
I £ ° 3 S 



u 
u 



11/ -S ir* CO * w 

X 4> XI 73 4> X ra 

" M - e> .3 O-.N 



2 c" 

C-S 00 

co oo c 

•s-I'l 

is ^ 2 

-H ■*-» co 



H&ll?.sf lf-2° 



3 •«-< X! 



- EL, 5 

s ~ 



S3 P.. -3 O 



2 o o g 
o 



si 



9.^ 



o 

O o 

a 



a g 

CT-S 

" 2 



B » 5 

H (0 U 

o o u 

3 9 
E o 

~ -5 s 

>— i x> o 



S>5 go 

.5 E - o u <2 

■ g S § -S 3 

5 „ * o -.2 8 



c " S ^ 

<3 .S3 O 
fj O O '£< 



P 



8 > 
c o 
> 

8 



ob w '5 

'co v — 



o c 

c -s -o .S3 

O I) 1) co 

•3 a s s 

c a, <s M 

.S2 2 ^ « 
5 -5 " 



S3 -a e 

S io g 

5< o «, 

L oo 

S c o « 

2 - 4, i « e 

* S ; - " S 

.Si' 2 

■ " E 



O O 

a 

j2 to 

0 to 

15 8 

1 S 

.> a. 

Ui 

o. o 



: T3 
U 



5f-i 

<u ?! y 

CB 10 E 

■5 -° « 



CO 



o 
o 

T3 



■S .2 "3 °< 

O « 3 32 



1 1 JlfiJ-g 

C j3 n 3 rt 
'•Sou 



o * 
■S .S3 

E^ 



O 
c 

u 



E 5 

1 si 
sJj S 



.2 - 0 
S3? 

B £ 3 

h n. « 
o *r* > 

.S E 



?3 



<0 



10 



>. S, 

10 ^ — *3 

« « i-i 

S 8 
2 § 

w x> Ti 5 Q.S iyE 



00 c 
3 -3 
O 



^ 9 c 

o.J « 3 

E "E o 2- 

3 >H. E 



° e 
" « 

3 h 

a) -a 
"C i 

2 » 

a, eo 
<u 5 
oo" 
.S o 

.3 & 
to 

o 

X) 

u 

£7 «) 
co h? 

13 

O a) 

■S 

P CO 



I'g s 
° S3 " a 



3- « 01 



3 

3 CO 



O 

; .Is- 



CO 



■S..8tg?g 



2 g oil | g 2 § 

> . ah 3 ^ _e „ « g o -2 



8 e c 3 ! °"2 



I "S i I & s ° g ? 1 i 

W CO L -' M .25 C C -t-i 

f a 5 •* ° 2 P ~ b *- 

U("-cO 4-» (i M m 33 M -w 

a, 0 n u aa o.S co o a 



£X (1) Q i-m 

_r M &0 eg w - 

^ - >>.*2 -g S .s 

2 3 co £ « = « 
E & >,0 o ^ - 



« I 2 

> S co 

'« 7^ >-» 

S e 4> 

3 CO op ° 



O 3. co op - ra 
S o » fiS 113 » 



CO CO 

- 5 ^° 

•1 § l*-8^«a5j S"S S & 
§■§« gE 82 ■§ gr^e « f « 

•° 2 8 3 -g S J .s •« |.:s -3 

«> h j= ~ m _ c -a -Si-H,. 



J3 
CJ 



o js u -y 

2 5 oo o 18 3 S 

° 00 3 « e «> 

E -S - 



.ft 3 



j3 <fa jE s 

E " 



C *^ w 

- 2 "S 

3 CO hj 

" xi 

A\ o ■ w 



<g K J <U — -~ 
. o A At! w 



"x>b S"tJ 0> Hfj«- :ooE5 

3 3 O 10 C § 'S3 3 .3 ^ « 

otX30> i .~ycoSoS" M x) 

«»i u *ilsif~8i.§-a? 



E 

u oo 

oo -E 
.S a 
a 'C 

u E 



« u w, ° r- — "2 "0 ™ O Q " O 

"a ST3J3"Oh'Oih.S UTJwC 



o 



civ- XI 
'j • 4> 



8 
a; 



3 5 
a o 

4) > 
h! .co 

3: .E 
o ^ 



*h 00 

° c 3 

' -c 2 

3 D- 



E X) g: 

J3 e <u- 



CN 
00 



c S ° o . 

3 e " e 

GO O to O 

*. Ui ^ ca to 

O0 CO co JS U 

-5 -a .E co 

c o o nm 

' <3 " J3 

S v2 ~ x> 
3 2 

0"S 3 c 

E D SS ts 

3 'O, ooK 

C3 w r 

w (0 C vi_i 

. a) T3 -w o 

CO co X (0 

E .2 « -c 

•> M 4 s 

~ co O x> 

o y « co 



■ iox! u! oo o e- 

> :0 X>! 3 Xi 

si| e 

■S i^xS =!,,• ca 




5 2 oxi 

3:-3„„0"Oo 
•3 



.5 CO S3 U -3 43 

.S3 ,0 § M E ° 



I -Til's "8 _ 

XJ 



B J3 O o O ' ,„ 2 O .S3 3 +£ 



'"3 - s 

op S; « g 



CO 



CO 
4) 



O C3 




•S e l 6 
.3* ^ . CJ ' j3 



E .2 I.2^t^«§- S -S^3^ 
- -6 ; . «« | g a, .a > g % >§ | g ■§ 

GOuErtlSOTlCO Xx; 

to _ ^ hnQ.. — • r- <0 



C?1 3 

o E S ° 



■5 =• 



° ! S <o- "o = • i °- 2 0 2 S 8 

S : -3 - E ^ ■ * § S & «> 

Qi.2'. :-.E «---c; SS «> e'Xi co j- 



x> 

3 
co 

OO 



O; .2 

'Jo; '£ 

f 3 

" O 



3.T3 to- 

.2 • c; +2- 



E n> 

•J X! 



ft: E 



3 z 



00 

2 ' ■ c 

T3 j3 CO ^ 

V Ui CJ 

1-2 § 

* 2 E^ 

.3 — 3 C 

S 2 O 
X 5 



oo ^ 

t 3 J '. to-, o 1 
3: -5 



4>! 

5| 00 



3 ^;5 

S O BO ° 

o; s< c to 



<o e 73 2 5 «2 'S ■= 



to <o ° 

R >> 3 



MftS'S 3 

3 &. 0) g O _ 

c « & lo " 

J U to to 

4> > CO ' 



i 1 



u 



-Ui 

: - OS 

.2| 2 ;E' 

O U ;0- 

E'S::S 



B* o c 



. W ^ T » — ' 

Cj O w 

O Ih 



E -a 

p 



CO 4) 

3 2 |e 2 
■2 - I « 

o 



X CO CO — ' 



O ! X C- 3 

2rj ^ <Vto:.y § a 3 s 0 
yLE. 1 o s. o !3 5 a o U « 

■I. 2 ; 2 'g" 3 H°.S £ S S < =° -2 cL^- 1 

cr>, — '175 " 3 «> _ 3 .-'3 o 



O _ u, 
CJ 3 CO 
_ „ O — 

2 c w ~ o 
S 8, 2 01 g 
« 53 2 iS 

o S5ji H 

3 S « 



3 

CO 
to 



CJ 

b i y .2 

3/5 -X> 



^3cooS2 <"o2S , «3x; 

■*-»,—. co -5 X! O d' ^3 .3 4) 3 X! 



iS 3 xi & S o 

w cc ts o ~t3 r, 

f- S 13 w .E g 

°'° * o S 3 

0 2 S2. o -2 0 

•s g"8 •§ "g e 

1 e e -s t £ 

•S 8 £ s g . 

" c «- u O s 

E 8 a .S 3 8 



c 

o <" .2 0 " 

» o 3 a>2 

J3 O 



.1-8- 



-■— CO O 

— X> XI 4> 

-S § S is 

— « X 

4) •£> 4) _ 
60 _ X! Xt 
CO 3 T! 3 

— .2 a 13 
3 B " «" 

*ob is b ?2 

§ I 2 o 

^•3E 
2 43 S co 

73 x: -S «»-. 

S.b g » 

~ - 2 
a c o 2 

.a'S c 
•s § a 

? 3 S = 
5 '" J3 =3 

|8l 8 

ca 3 F> 
r- CJ Ui 



S " S2-:45 to CO U 4) 

■2, t2 : ci " -S 



co .3-3; na 

. 2:o >>.•= 

4) 13 .** 33 
_B c al CO 



o S b .2 

e 3 e « 
G o o ** 



•S S E £r g -3 ° ° 

3 0) .3 .T on C £ >>, 

a i-W co S3 co ^ 

•u. _£ '«» 4} .. 4) 



*j 4> »■ . _^ n 

t- « .a d S e 

g X> 3 -g- CO g 

*j uj r3 

CO 4) - - - 



S E -o £ 0 .2 S " 
» « co c -a S3 o 1? 



3 3 



3 ^ 

.3 3 4> 

v> x: q> 

g « «» 



CO 



- 41 ~ .2 " J 

3 2 Ju *r. o 73 _ K , 

4) xi 



o o 3 0 2 «> 



o 4) 
x: xi 

CO 

E 



8 "3 

o 0 

o <0 
cj 



tO O >J Ui 

4> M S 2 „ 

-a e .E « s 

g o i 1 §• si 1 

P Q,fe a 3 c 

tj Ji W O h 

& 4) ^ 3 O 8 

3 O D.3 



CO Xi 



. »-< T3 
3 4) •—'.2 

"Sag 

■2 5 §>§ 



2 E SB c?"3 '-g E 

•Sl^t-ll E g 
'5 ~ ;"S .5 .3 co jo <£ « 

„ «J !4> 3- O ° XI „ 

gXI-co !=! 4> O 0"3 

-S t: 3 H © *J 3 to ° 

g ,S/° «H *» S W E « 

« ^'xi-o co j2 c, .a o 
s? co ^ E xi — u 

O Ui CJ 

H § E S3 



as* 

g '3 o 



Q. O co - cj XI 




o 



8 
a: 



-3- 

CO 



03 
J3 



SO 



o 

B 
ca 

E 

o 

13 

U 



-o 

3 



U 

u 

2 
a. 



e 
o 
J>> 
."5 
'3 
E 



o 
a, 

E 



c 
o 



+ 2 

> _ 

B O 



x 

3 

+ 
O 



•a 

eg 

.a 



a 
o 

'^1 C*' 

s a a 



"I* 
•7! «> 



C3 C> 



U u U 
'SB 



4*C 

« cd B 

w ,»-> is 

Oi f-> « 

,3 
5 

A 
l 



3 

e 



> 3 




o 



o 



•— -a 
— u 
u c 
c.2 



13 C 

!1 

Si ii 
II -3 



■a o 
a ? 



g 5 g 2 8 



CO 



E +3 CO <3 - 

U 5 J3 - " 

•2 £ 8 " § 

■o. o g> g» „ 



^ "H. 

— ' K) 4) 
WW 

^ g (0 



- .5 ■ 

§ 2 
3 E 



•S 8 s 3 

Hi ^! > 



5 3 

s 8 

§ £ 2 

CO 2 G 

.. °« O 



~ S CT J2 o ^ « 



at 

73 
a. 
o 
a, 



8 



_c w s. s S; C Of .25 



ii " ro ? 

2 o o 3 



73 



B 3 73 -g 



O 2w 

c .5 o 



E =• 

to a) 



O 



<= £ 3 



•a -o o w 



CO OT « >v £ _C 

S 2 -c ■§ 5 
H 3 £ B * g 

o g o g - -e 

-J _ g » O n 
~ " C3 i< C 

o 



75 O 



t) g o o .t; 
w '5b ~ > 



73 -2 !2 2 
E -° o u 
» gaa 
-X o _ 

§ EiJ g 



| 8 . 

w O 

m a, 
c 



o 



on VI 



,3 525 

2 c w 
E" Si ■=! CC 



M3 H -D g _C 



2 E 8 P 



P E 



B3^ O g • 

1 1 !s 2.s ? 



o a 




8 

cj 

§ 

k-l 



T3 

"3 

00 
C 

'5 

'5 



-o 

J3 C C S S? 
% CO 00.-, 5 

O w c = 

^■S'g.'S -s 

to O 

.§ | 8 
°3 



a.- 

O 00 

i- a 
£ -3 



a ■= 

2 is 
5b ~ 
o 



o «2 5 
■3 .2 ■« 



CO 



9? to t± ^ 5 



35 > 

« 2 8 
§ 3.2 



»3 



00 



00 

o 
'■B 



CO 



\B O ? it"* -3 
O0 ~ ^3 *-» 

d. « § 8 .9 

u 5b a « 

•S 5# o "2 8 
o .£ Sb 2 -c 
w *o "5 7 ? 

° e c g 
a,cn a i ? 



CO 

.5 o 
o 



00 a u „% _ « .s 

3 * § J ^ 'Z 3 g 

" c - a ■§ g 2 

- go „ a u -S 

u . #. E O0 3 Q. fc- 

g 8 I 8 "§ 2 S « 

X *r3 *r3 u_i ^ w> r-< 

Q ^ 1 5 I * 

~ 2 O m -p 



tO « in d, 

- 3 8 B « ri 

5 S „ a i> « 

.5 E ° & S g 

** \0 T< ■* • - 



JO ^ 



CO ti 



5 > o 

W t> ~ 

JJ ^ •= M co Oh -U 



o 2 
= a 
o 



to ,_• 
.E H 



«J •o' ooi2 s 
■s « ^ u ri 

1)5 vS t - " * — ^ u 
« . an C O 
§ 00. E a . - C 73 

a = 3 s ■ « 



O 2 E 



5 ° 



o S c 

u O C3 

M = O 

S* g 



•S b s 3 2 

rt «3 C C o 

E X-S, 3 « 
~ .2? S? 2 =3 



CI, o 

X ■ 
<D <u 

o o £ J2 
M 5 -S oo.2 

o — oo C ° 

ta « o> c e,j3 

CJ 3 ^ o o 

« O « ^ -o 
3 i - 0 J3 

•° O C a 3 - 
O « 



» > « .S 
_ C 'J3 — J= 



£ ■ - 3 2 " "2 - r 



c _ 
O o 

" a 2 » S 

« 2 5 
.3 ui $ a 



o E 
a «J 
2 a 



T3 



co u 

s "g 

C3 D 

•S 

•5 o 



w a 

2^ 
o o 

^3 (3 

2^ 

-S -a 

u 2 
^ ■- 

ca <o 

Q. 

3 O 



_2 O 



5 s 



T3 T3 

a 



a 

a -3 

- .2 ^ 3 g o 



28^ 

E „ a 

O eo W 

c a ^ 

!3 « 



E 5 clcQ 



« 9> 



CD O 



Q -a 

o 
a 

c o 

O "C 
3 O 

cr o. 

a « . . 
-° . t> 

ro 2: o 
a 5 - =; 
.3 .a « 



to 

- a 
c — 
o -o 

g E 
o o 

a 

o o 
a > 



s 8 = 

,S O CO 



_ 

Egg 
1> 



<V3 

a. 



.s ^ 

X u 

CO l- 

2 2 
>1 
• S 2 2 

to T3 a 

" eo.E 

.5 — JD 



g 8 1 

2 a c 

w ffl fl) 

■o 2 > 

CO 



3 tc 

— '3 



to 



co # §b eo 
'3 £ 

.n 2 -o 

00P § 
.£ ^ C 
■Si 3 

S-3 I 



jO a; 



CO 



3 



r 
•9 
a 

g 
"S. 

o 

E 
•3 

•^3 



O 

•S 

i 

•3 

a 

■5 

u 
K 




e" S •- 3 S " "3 ■£ S - 5 

1 fags : s oZ'S E 



?2 
. a 
«> 



©few' 




s 



SlSiiiS 



ass 



— t- 



— t- 

o 



s'H'F.S'S-Sq.s; - « 

" 5 - 1.1 3*8* 



2 s « £ ^ g ~ = 



E 



* >- cl, Si o a ts 

O J= _ 

o ,jj 9- ^ S | 

5 ~ 



So 8 



3* 



<2 ' x O 



q D. s : 



(bo>i) sjaiyBiu mBpM jeinosiow 



(%) |BJ63)U! |B)0)/|Bj6aiU| >|B3d 



n. 

O oo S) - J. 

e E -iT 05 £ •* 
g « c » S.rj 

•g. co 8 E § - 
2 s o o ■S 

OT ^ E jo 2 .2 
«-5 g * 



a- -a 

8 fi 
•s g 
•s g 

o c 



CO 



1 4) r-*. 



5 8 

5 § « 8 J2 - - 

a .5 Q *" Z H S 

3 8 E •§ o 

a ^ p o .£ 

- i > o O 

to « ■= 



H * 5 c S5 



CO g 

.'I 

v- t_ 
a) *- 



S E g c = " S-Q -| 

^I^Jl'g if la-i 



8 



a, 

CO 



tN -Q. 





tu 
§ 



o 

CA 
0 s ! 



CO o3 

II 
Q. 5 

.2 H 

S * 

co co 



o B 
•B JS 

CO !> 

O - 
r- to 

O. 3 



52 « R 



3.8 

0 B 

1 s 
•I I 

» 3 

a E 

< co 



„ on 
2 .S 

"S.§> 

B i2 

c -a 
o 

to 



•5 g 



0 
> 

co 

._ o 
co 

° Ov 

w 1-1 
co 
co 

5t3 ^ 
co 

co »> 

■& o 

SN 

C o3 

§ "3 

03 

CO B 

iB 3 



^ "3 

-b K 
> ° 



C3 =J 



<3 £ 
ca -g 

8 .2 
.S'g 



-a c 

CO .3 

ON 



<■ o 

3 E 

■« co 

3f 

o c 

O C3 

^ CO 

O G 

C O 



JO <s> 
ra co 



.A* to: 

sis 
Si's 

CO; 

.ai K 
-Si a 



co c 
•Q 5 



J2.2 



75 B 
S 

o 

II 

a js 
8-S 

2^ 

CO IM 

■ o 



» cb o 

i*-t. 03. H *-j 

O! c " 

ca.; — 



CO';. 2 

u'fS 

.s's 

ScQ : 

5;cN; 
XJi CO 

'.SP-c 

£5) ' 
toj 



.a c 
^ .2 

3 .tJ 
J3 CO 
B 

e * 

o: 

'5- ° 
Si 

c 



cat o 

if? 8 
n « 

: 60.S 

s 

;ti; © 
■ =■••5 

co 

CO; .. 

5 El 
p: 



I 4-< 

ca o 

CO „ 

• CO 



« c u 



2 W C3 



U O A 



S § 

5 C 

■§ f 

cx C 

O to 
X) 

a. o 



c 

o 
a, 

E 
o 

w 

00 

e 
o 



o 

i| 
H, 3 

oo b 
oo 2 



o > 

E •-. 

o- 8. 
<u 2 

CB El- 
's. £P 



S 

o 

B, K 

:2 . 
.^2 to 

S 'of 

S w i 

eo' P>^ 

Si n 

toi-S 

o 



•E 73 
to O 

"X! S> 
■^J eg 

co "55 

u -O 

o a 
X) .-3 

c E 
■2 » 

to 52 



5 



° g- 

c to 

O x> 

O C3 

O W> 

.« d 

X> Ui. 



:-5'2 

o r 

to ' o 

^. o, 

m 

E 



>. « 
.3 -8 

t.E 
S 

o o 

CO 
It) _ 

s « 

on a) 

^ u 
d 

o o 

'3 •£> 

ii « 

S C3 

1 1 to 



.5 

c <>» 
<-l 

to *0 

g « 
OH VO 
C3 <H 

|£ 

>- ^ 

o U 

O CO 



;i-r co 

so 15 
E o 

' 3 X) 

•S'g 
^ cs 

S "° 

C3 '0 
(X a 

™ E 

tu 

c 



o to g 



CO 

in 



o 
o 



J 
< 
u 

S 
u 
x 
o 
o 



H 
i 

ce 
a 
O 

z 
o 
j 



b -5 1 

ca d 
1S ° 

.1-8 
^1 



*1 * 



a 
o 

'C u 

a « 

•c 

u 



o c 

> CO 



«> eo w ^3 



2 « 

o 3 — ■ 

tu g 

eo S — 

CO _ CO 

J3 S <- 

to 



03 . O 

■o u » a 
« h ti « 



ca .> 

CO f 

B-7s 

B c 

to 10 

to K 

« s 



>vT3 



CO ^ 

x) E 

03 4-» 

. 3 

X> c3 

V-i 

03 2 

^ E 

T\ ca 

o co 

.a E 



« S B - ? 



E 
o 



E s 



2 SL e "g s 



S !2 



a 



a -3 .j- 

? « o 

° E 2 



— a, >» 
& * S 

71 « 



6 

2 § 



-4^ Ul 

B 3 

— o 

3 

O co 

> 00 ,>. 

° § 

1> - 



to 



a a 
a as 
u 



S2 

C h CO 

■S 3 ss 

f u tgs 

CO 

§ ™-B e 
CJ J3 CO 



g O co 

00 Q. 03 

'« E 2 

. 03 O 

CO X > 

x> co ca 



■S T3 

^ o 

~ 03 

11 

•S 

3 O 

x> .5 

03 

CO L_( 

3 -V 

1? 

'£5 CO 

co x: 

.> 00 

£2 E 

s s 



c E 

03 O 

CtJ X> 

S 00 

3 e 

O • 5 

ca -3 

o .S 

■£ o 

x> y 
oo 

b S2 

C 3 

t-t x: 

** ■<*■ 

CO \J 

ia •£> 

S« 3 

a xs 
o 

x; o 



XJ ^ G 

~ S o 

E x> . 

.» ca co 
A^x: TJ 

ca 



2 = 

>, CO 
k. o 

03 CO 



8 

CO 

e .E 



B .5 n 

CO 



1-t 

4-» 03 C 

<X-=t S 

03 ** U 

fi -2 v 

O oo 

00 B 

g| o 

* 8 2 

o co .is 

O .3 oj 

C .<£ 3 



i2 « 
« .5 



■3 *o 



4-» 

Q 4-» tfl 

2 ca E 

G x! ca 

.a ^ is 

B B 

V- V« «-v 

.2 g 8 

3 u -° 

o 2 c 

xj 58 

o > 2 

■s-g & 

o 

D >w ? 

D. O B 

~ B E 

•!2 o b 

fB a, c 

c— * - - m 

to co -i 

T3 CO 

^ CO O 

X> Q, to 



» 5 

B co 

CO o 

> O 
O 

CO 

•3 -° 

o — 

E "S 

•B 

•2 | 
•° S 

8 s 
^ o 

w 

>^ 
c 



3 C0 

5 2 

I ° 

CO ^ 

C 1/3 



w — O 

^ > 43 

«* .2 

S -B 

o ca 



« B 
X! O •- 



a s 

ca co 
% 

•O X5 
B 
o3 

„ CO 



•» a 3 
- ca a 

CO O l-i 

iti'i-ii 



^ 8 .p 

U B 

« a e 



\J VJ — 

03 o E 

o cj s 

T3 c E 

03 

•4-t « 5 



t; s s - - 



<2 o" ^ -B 5 ~ ■= 



s a 

4_t 03 

O — ' 

CO CO 

ax 

CO «-> 

£ E 

CO x, 

<u - 

x: >^ 



03 
X3 CO 

2P o 
B x: 



ca .t; 
& 6 
B x3 

03 B 
X! O 

o -a 

13 

c 

B 8 

B 03 

SI «> 

O Q 

+-» 

S "B 

s s 



o co oo 
.S 

O . » 3 

CO *■ — > «q 

.E ? 

a « a 



5 8° 

3 o h 
B.g > 

.§ 2-3 
b S-i3 

o x> o 
3 ° 5 



£3 o C 

O E *■ 

>- v. 

s-8 i 

to •*. 

.2 3 1 
"3-2 

DO o '" 

.3 to (s 

.3 « a 

03 X 
& -T 

o « 

> 0 

? c 

a « 



CO 

CO 

X) 
co 
_ta 

'E 

03 



=2 Sf t 

S i2 - : 

4) " J 

E 3 



CM 



to 



I 

■5 



■5 
.o 

<3 



S 3& xs -5 £> 

* .o s .> ^ 

BUB 



•5 j 



8 © § - 3 I 



° g .3 a E S 8 § « E a a°|.S H 2* s 
S >> = 2 S S c « g> R 

D. — en (15 M 55 r7 O 



w w * O « D. P O m w oo 5 



■Si!'- 2 S ■ 



«3 



3 
K 



•a 

a. 



-o _ 

"3 S ~o <s> 

1 .s e ? f 

° 3 o « ~ 

I » S * 

* S 8 -S * 

0) O, O B « 

■° n t) "O 



3 S 
O 1! d 

"si 
§.s.§ 

••S-S9 3 



5 c «• 



B S «. 3 S w 
B O S O . TJ 

- "If 



X) 
3 



O '-3 



^ J8 * S -E 



H o 



n " s .52 
b ~ s S E 



U 

— - D, 
O CJ w 




^ is 




O 5 





o a, 

M co 
CL, b 

v. R 03 

Q 3 xi « 
' e> a =» 

2 I § -1 
« s g > 

-= -S "a 

""' 2 O B 
w A 'H 

gf:§ 

43 S, B 3 
J3 _ >-v bo 

p; c co •£* 



-E *S -~ 



•2 g 
£ a. 



o 



CO 




s g 



I- 

3 03 



(30 



u i 

2 3 

- u 

CO XI 

•S3 .tj 

2 c . , 

«5 2 — 
5 5 S 



43 .jo 
-C 'co 

" £ 

E 



' e 

a 

3 o 

B o 

1-4 

* S 

.5 oo 

o o 

1-4 I-. 

a. o 



5 2& 



8 



T3 
43 

4- 1 ^ 

43 CO 

la 



o u 5 

'o 5 S" 



8 



" (U „ 
3 CO O 

""OS 

«t O ,3 

<« a <" 

2 "3 -2 
c cox; 

:1 S3 r 
l-i 8 

CO Q« CJ 
>, g £0 

•° — - 

* ?>B 

29 8 
&^ ~ 

S e - 

o o « 

,° -c 2 

« £ & 

■° . co 

<u a 

~ co co 

s2 a 
s a s 

2 « 2 

so 5 
? "3 2 
? E » 

o t> o 

2 o/H 
o. •> 2 
8 5" 



S S 3 



» 2 



E 

4> is 

8 1 
s-5 



43 



t>0 

Si 



bo a. 

a, -c! 
&.S 
« o 
co -a 

'51 

4> «1 

S43 
-E 
4) O 



"^1 

2 2 

O w 
!s «> 



o 
« 2 

CO .5 
60 

3 U 
CO 0 
eg C3 

jS o 



O C M O 



cj .2 
43 U 



.5 
1S U 



is U 



■ w ^ ^ ,w 
C w ^ *w 

5 13 2 
la's?' 

<i> O O >» 



C B 
"B cd 

■>< .2 

O CO 

s ° 

o -o 

'S £ 
« s 

c 5 
o ^ 
u 3 

4J PQ 
J3 . 

o 

4-1 > 

U o 

53 cd 

>> g 

£ o 

CO - S 



. co 
^ C 

"« 'S 

Q S. 

£S 8 

OJ ^ 

CO U) 
O 

o 2 

12 c 

13 — ■ 

°n _ 

>^ B 
X o 
O M3 
4> C3 

3 ° 

CN Q, 

3 .£ 

CO 



CO 4> 

3 2 



4J >> U 

js a > 
u 



"8 .si b 

■O C O 

oo 

Cd _ BO 

.ap-a 

-O (N - 

S ^ 2 
o u m 



a u 3 

oj •£ o 

»-* 

o a , 

jHtN 

fOoo CO 

Q S 4> 

04 -J c2 

a jd 

S3 co 

« - = 

2 

w 5 b 

_ O 4) 

c & s 

= <o Z 

O n) id 

"> 2 -° 



cq S 



C 4) 

CO 

co 2 
18 

E eo 

« Jg 

CO 43 

43 O 

O X 

3 43 

o — ', 

B.'S 

is 43 

° ^ 

•1 ^ 

# 43 
43 - 0 

.5 <8 
o 

co 

'■S 8 
■a S 

'co 1,1 
3 .S3 

o 5 

<-» .A 
O u. 
B «J 

4- C3 

3 — * 
^— ^ 3 

CO 

pi 

'O to 

IS 

CS X) 



3 S 

c^ X! 

s .s 

03 4) 

* x: 



rs 

43 
> 
43 

V-. 

a. 

CO 



43 •J5 C3 
co xS 
O •« *3 



p co 



Q 



c 

43 
> 
43 



a E 
&o o 

X3 
O 

. O — 
43 

X! T3 _ 
"OX; 

fj 6 H 

•"5 3 ■ 
> co ^> 

'oh 

U 14 OO 
43 D,0\ 

bo-S g 



2, 2x= 



■o - s *2 

43 ? C 



•S.'H 
.S 8 



_ o 

5 C 

co O 

w • rj 

8 2 

1) >»-, 

X) o 

4-. T3 ^> 

§1- 



c 

>> 

co 

c 

'S 
o 

u 
fX 

o 

cj 



3 



00 13 S f! 
C O 43 2 ° 
u 'C Xi ■±3 4) 

43 _ a,^ 3 
g 2 3-c? .5 



■£ a, m c -5 
x o oo-c 
co C ^ 
■S 43 CO ^ 
43 Xi X! 43 

•c H O 3 = 

4-» 1 CI/ c c 



cd 



B -3 
O IS 



CO <±4 

s ° 

>■ o 
o 

B 43 

g| 

CJ 



a ■ Z 

P-\ 43 X* , re 

co co co N 

co > ^ 

.S 2 5 5: | 

O - >. § 

- 0 CQ .!: 

° -B o ^ i 

u " i2 2 t 

«i > 43 

73 a co 

u 2 S3 

U o 3 

rt — CO 

x; — . "o 
c 3 . 

43 O co 



§7, 

c-t V. 
O f. 



43 C 

Xi -o i 

>> 43 C 4 



O . _ 

0 IS « 

43 CJ 

E w 

o 



o .= 



43 C 



43 V m CO 



y « o 



c 

O 



= -5 XI . 

5 T) O ^ 

«3 g oj i 

oo '3 -S * 



o 



CN 



o ~% <g "> o ja 

go-gt^ * 

c K G 2 ' 

3 -5 "2 e 
cr a, a fi 

S P a « 
* 3 « H 



1 



•5 
o 



•a .2 

« 2 

co 

■ -co 

ob b □ " 
43 « g e e 0 



=s .fa ** * <U *" 5 

O 2 E J ^ S i! 

r fa is ss ^ o ;> 

5 3 ea "3. co jo 

•~ co S ,5 O J 




o _ p !2 i> <o 



.5 .9 



S5a 



cm E 



4) \ -• « J3 ft 6 

9 'EL S § >^ m 

g w -o « 2 fa 



8 



^•a s c <o y * 

M u « - u a E 



>« 
o 
o 

o 
a: 

a, 
O 

s 

o 
f- 

« 
H 
m 

S 

« 
O 
O 



S 

o 

a: 
in 




fa 0 C 



Sfai2.fa'faS«>'*-'4>' •—in 
O .53 KJ 3 . »!] " P ..„ >, E "> 




<U u, fi 2 5 - 

e X) S u 2 _ g 

E C E CO 2 fa -° ~ " 

CO . "3 ° M 

-> o u> 2 

c X * -° * 
o 



Q B "ej 



S3 _ o Q« N O 



* 8 -° . 

-a,„-?° b a, o 

M O ™ 2 D M 0) "O 
B <J 3 rH J3 - ~ 

•S a 2 £ .a -s "§ o> c « u » S 

S o u » C " 

S gr S S .H .- 



o H 3 -b 

o fa o i 

> D. C 3 ^ 

CO CO C/3 to 

wj at O O -B 

« « - c i-f ^ 5 

a, M w n 

o u K q 

" 00 CO 

03 C ^ 

W (J *3 ^ 

4> fl> * C i_ 

-B e 3 S 



CO 



B 

CO a) 

3 a 

a* « 



3 fi 



IIS a | 3 | J g 

O J3 



Cl> (A 

o 

E O 



a. a p . _ 



~ ^ g ~ -a 

- « w E 

«\ <u 

8 Mi3 

O S m 

a 2 o 



Q. O 

£P.S ss 'g .9 -a 13 Q..2 e o o 'q 

- u w b. 5 U .B TJ O.O O.CJ CO 4) co 



X CO J3 G X Q 
O. O CX O CO 4) co 



o 



O 

o 
§ 

o 00 
CB On 
'o 

CJ 

04 a 

w ^ 
bO 

E M 

II 
^ 3 

9 « 



fi .5 
u o 

■a Q, 
2 8 

o ^ 

> 00 

CO **-« 

X! O 

O D. 
3 

SO 8 
E 00 
S» 5 « 

8 mis 



»i ce 



to 

.2 C 

■s 0 
S 

.._ CO 

fa u 

B B 

A) B 

■a o 

CO 



O 

o 
o 

00 
>• 



o 

H 

>< 

(- 
CO 

S 

o 
o 



s 
o 



CO 



B g J 

u § » 



0 fa >^ <" -a 
"2 ™ -° 2; |> 



J5 

E 

Hi! 2 8 S | 
b° « 

JIKbS 

■al-s g 

2 CO >, E 0\ u, 

■B e -c o> ^ £ 

- O .£ ^ o> *fa 

w *-> T3 to ro 

S E fi o P< «3 

fa M E 

8 O O 

to >. 




to a s m co 

» E « -5 
« -2 - ^ S 

S3 T3 C3 W 2 
CO *" 



■ 0.>- 
S 3 » 

* -2 



.§ B S 



^. S to S B co : 

g 2 8 fro 3 



fa <J 
O. g 



8 * P 



.. a - 

B B B £ 

§ S-o-o 

2 -S a s g 

« 3 a" O B .fa 
OOXI o« 2 

1 S"! 1 S a 

T! O H Hi "T! 



• S TJ „ JC £ 

•S E ? ^ S 

*3 to 'r^ c0 CJ 

its a 
<° o E 

J3 .& 
fa o- 2 

* 8 § 

" o „ 

o a o 



c ■*-» 



o 

CO 



co 



to -r-j 



i O £ 
g Q, O 

™ ifl O 

"3 E 



o o k 1) 

; .2 o a -g 



2 S. o co 
S e 0 ^ 

01 B co J3 rji 
op ^ 

u ? .E 

43 O T3 
« ^ fa 
<o *; o 



00 CO 

C E 

> .2 

O 00 



£ ? 8 E 2 



0) 
E 
U 
OH 

Uh 

3 

o 

B 



» fa 

00 «2 

u. rB 

E 



s E 

o * 

o o 

** '*3 
~— ' CO 

P-v 3 

B^ 

4) Z> 
CO 

_ <p 



a, 



oo- 



-a 

B 
CO 



I 

o 
o 



o 



a. ao 



SP'Slti 
E I 

"« I> "co 
o o g 

S o w 

°n m 
(X v — ' n 
o a -5 

•Si* 

tO Q, i 

t-i 3" B 

3 E o 

HOC 



1> 

X> B X 
B W g 

■2 c?* 



_ to 

o .fa 3. 
0 So 



4) fa CI 

to 3 < — 

o ■? cj 

5 c ,i2 

o o o 
See 




"J > to 

0 2 e 

CO CO J3 .fa 



o 

3 g -B 

JO co 



O .E <" ° T3 B. 



* B g g I 

-2 S S 2 

o 2 43 to ■£ 



&w r ^ ,*2 "O oj - 




<3 



§ -o « .£ O ° 

•r; 'P bO t3 u 
H 3 n « -2 ^ ^ 

la o£a c 5- c 




c 3 o a 




o 



o 



g Sag 



<N1 



CO 

_ n 

c '3 

00 O 



•S -S 



£ £ ? 
.2 4; 

o . ft 3 c 

eS » , JO W 



5 "a o s "8 
c S .T; "u „ 



I -S ■§ Q » 

O 3 ° u 

9 . o a \o I 

~_ . S § J< 
2 0- £ » 



Q. 
.s O 
w U 
u >> 

I -a 

« c 

o GO 
*3 .£> 

w s 

OS <U 

"> s 

u 
.3 



Sou j 
« s s o 

.a s g-i 

~ " .s .E 



o 

S c 



.2 S 



t>0 

c 



.2 - 

g ft; £ a 
E 5 « « 

s J 



o u 

— u 

- 5 

. CO « 



& = 2 

!S o > 



* •§ ^ ! 



S.o\ no 

."1 C 



. "H ^ ^ 

... _ aj ° ? u" 

M -C <o cN w iAM"O w 

5 o « £ ' 



n 



I 



CO 

•a 

o 



T! i g B r»> *0 



o .a w j5 
' .S c c s 



g 05 



o . 

g n 
8oT 



cd 



-S -a 

a 2 

2 I 
a S 

at 

8 £ 
r .a 
O 5 



ON O 

Si 
J* 

**! 

o E 
■o o 

CO p 
O T3 



3 S 



.2 K 



^ r- t- " 

c < « E X g 

O O 0 "~ " " ij 

o § - o c o ^ 

m S ^ » co _ ^ 



.9 8 
a o 

« IS rjT 

■s ■s | 

— o ^ 

„ ~ o 
■5 |« 

c . n 'S 

CO >t C3 
4) ^ > C 

2 bu E 
* g 

2 .« =3 -S 
8- 8 g 2 



r S ^ 

§ -5 ^ o- 2 a 

a SmCo 3 

a -a . o g 
co jsi : M C 

S-Ho^ c c 

73 co 3 a, •§ O 



o 

IS .< 



Q, CO 
J<! >, 



O 

^ 13 „- - 

- CO "Jrv O 

•3 -p •§ 3 ts |j .5 
cq eq (q 



00 1 

CO 



3 cd 



u 
c 

U 



0 



0 = 8^ 

■a>-2 = -3 
is o ? -o 

J* |-2 

1 a < & 

§ G- 8 
W IS . 

h 8 t q Y 7 

§ =5 S § ? 
U O 



S . a .a 

IT* § 

53 s... 

C . D o\ 
" CN so 
■ (S Cl. 

0\ C CO 



c § S 
co E _j o 



« gS 3 
w o> S 

w -f ~ft! 

,_- g v.. g 

ST . s 

J3 I 00 — 

** e c ^ 
1 I ao 

3 V ^ O 

a c « 5 
o £ ¥ «. s 

of S ^' S "2 

3. J§ - s a 
S S § s § 
8 5 & g < 
o o 




2 S 
« -a 

2 «> 



CO 7 ? 
T3 (N 



■a .5 

C J2 
CO 3 



* "fe^"' 0 S -5 .§ op g.5g 
^ Si :S»I c rcoSiacoio 

= Q ri-=CVO &?J= " 5! ' j2 O 



§ . - -S 
„<s o o c 



u 




o 



o 
a; 

ft; 

CO 



o 
o 
cn 



J8 "3 e 
c 3* 



< J tf 

(11 _ .5 r>5 



•c «J 
a* 



00 



CO 



3 to 

00 C 

ca O 

c 8 



C3 



2 
o 0 



O O 



3 
m 

C3 

C3 
00 



« 2 

O .2 

*co 

o S3 

« g 

Q S3 
a 

S .9 
3 

« 3 

— > 

CJ Cl) 

r- 4-* 

U CO 
CO 

o -o 

CO a - 



cd _. 

■fi5e 



•« s 

•u 

o cd 
8 00 

-a c 

CO [> 

CS 

3 Q 

E 

•c u 
co 

52 3 
ex o 



03 

I c" 

CO o 
(30 to 

si's 

CQ n ^ 

*rt <3 -o 

< Q 3 



U) 

o 
z 
n 
a: 

0) 

& 

« 




o .5 
xi o 



j= XJ 

o 




3 ^ 



2 3 



o 

E 
ej 

E 



•a ^5 

CO CJ 
00 



.s . o < 

E Js .3 

H S 11 



2? 

«> ri 

a oj 

8-r 

"* " - - P .-Eft! 



CJ K 



O 
>> 



g s 

'C "3 

8-1 

a 

3 a. 

CO 

> J* 

o 



o 
3 



U 



X> ^ 

E xt 

CO E 

js S 

3 a 

o o 

cj o 



O .S 
e o 



E Z 



U 

4) C 



60 - 

p .S 

'^3 ca 

CO Ut 

CO x> 



.ic! 



_E 
3 

CJ O 

>- » 
00 B 

B O 

« SP 

- O 

8 2 

S & 

O E 

> u 

CO X! 

n c ■ 1 



XI 

c 



§1 

— u 

. > 

1 « 



2 B 

3 

O 

X! 



a p = j- 8 p a * % s 

UJ J: . XS oo 



E ±£ . 

o o nq 

C N P "2 . " 00 & 

•2 2 2 I P ■ e 7 

g » g -g cj. e -1 

.5 - -o (j ^ >. I 

CJ oo V ^ 

2 * w o 
.S «> .2 <Z 
■3 S "5. o> 
o5 



Op K 
0\ 



■o 2 

E K 

C3 ci> 

•a 5 2 
•SmS 

SC B 
<3 ■< 

§8 3 | 



15 r= T •-> -E 
ft" I O 

.sa _~ 3 

OS - m 



B 
O 



00 
E 
3 
O 



of ii 

co 73 "3 
s vo — 



o 

CJ 

5 



S 5 



3 3 

s oo 
— <fl 



il 

E «5 

c. o 
6 3 
S oo 

00 CO 



5 ,3 



i 2 xi 

CO 



<< p -a •§ &cA 



E 

— P3 



Oh' ^ 



w 3 is - 

•goo 



'So v 

c 5s 



oo « 
- & 
oo o 
E =3 



"3 j«r 



VJ V ft 



1) 5 ri 
(55 



■o g>< xi .5 .S 

§ S "2 5 2 § 

: -o 3 ~ TS S 

. .s "3 & .a 2 

^ 8 S ^ ^ 

w g> § CO * " 

4> ^ ^ 



•a 

»S - ^ 

Tl E C 

son 

CO 



05 2 

. XI 
Pi *4 



pvj M 



c 
'3 

s 

B. 

8 
>. 

"3) 



O 

B K JS 

o _L u 
S5 .TJ «s 

c « ^ 60 
c a. . a) 

i la* 



U 

x> 

CO 

oh 



u 
o 

Q. 

co * ; 



o" o 



>■ 



a o 
>m "a 
° o 

« 

T3 



CO 3 



ISO 



5 

. - -S 

a u, ^ 
• ° 2 

J B 3 

- o .o ™ 
.2 -a S • 

> CO C3 _i 
co -rr -c >-> 

< a .s ■§ 

Q-b II 

„ CO ^ O 



1 2 

y & 
- id 

w 

W 
01 

C 00 
04 ?0 



— IT) O 

S » s 



-Si o 



a § 



T3 G C > 



o CO 

i! 



CS 

o 
oo 



E 

6 oc 
>. i 
■a c 
E r~ 
a> oc 
a. 
u 

■ i OS 

o 
c 

-II 

*c ^> 
, .5 ^: 

CO U 



•3 E? n P 



« 3 •- 



E "5 



co p co 

to 
O 



>» OO 

xi *n 

(N 



- J< 
o - « 

u o • 



a .-3 

< c 

oo 8 

CJ 

XI 
E 

a 



■a " 5 
o 

oo • 

Xi 



00"0 
^ E 



3 co 
^5 X! 
T CO 



•Z3 : 

to 05 
oo . 
n e, 

'5. . 
g. CO 

p - 61 

• 0 .S 
•J o g 



SCO 
CN 

x; 1 
I- 

B ^ 
a. i 

c -3 

O 5 



c$ r co 



° > 2 
i "3 "3 

Sag 



5 s 
a. 00 



E XI 

« .2 

XI X! 



co 3 

S 5 

O 2 
O 

co 



3 - £ 

a 3 < 

«> S3 
'S? tt> O 

[v xi a 

ifi K. 

.8 .5 § 

a? <* ^ 

i§ I? = 

s » -° 

™ 2 "S 

•3 3 .5 
•3 E 2 

J3 jC xi 
o o 
co co 



'J 



CO " 

3 S 

o S 

to -5 

8| 

3 < 

o B 

■a •; 

<n iJ 

« 8 

e c 

u. "O 

•S o 

Q 01 



. 00 
05 .5 



to 



O 

CO 



XI "= 
B _ 

. CO 

si 

—" j«: 
3 .H 

8"S 

i£5 



Xi >, 
D. O 



•5L « P 



E = 



r. CA 

•B 

CO u 



O 

E 

u 
E 



\0 13 

*S S g g> 

.2 3 8 3 

u — — 



5 -a 



> 

CO 



S 3 

B.VM 

o 
E - 



CO 

■o 



3 !3 



co .5 

00 CO 

XI 
^ u 



CJ O 1^ o 

« ftj 3 > 
CO 0) ^ w 

s^s IS"- 5 



■3 « 



8 s 

1? o 



5 5 
. o 



^ 1 — try 
S9 TT E-, Q." . 



O 



o^ "ob 
co " C 

. B 
CJ 

at 

"3 "S 

s n 

C3 

E 

2 o 

vH B 0 

S »2 



CM t-4 B 
, IS .C 

- c 3 



. C5 



.0. y 



o co 
ex o 



~o . S o K 
5 3 .2 = £ a "5 •• 

b" x- - .s - " 

« ^ o : 

■S ^ o G c 05 
= 5g 8 .oS . 

"S o o S i - ' 
o <n E o 

< — ui £ — co o < 

3" S 2 



2S 



^ a. 

I ^ CJ 

co - .. 

00 CO 60 
P - B 
» -3 



^_&5 £ 

X) 60 

y e e 
!• S3 05 5 
1 8 - S 

; = £ S 
, o <* o 

2 



I I 

"3 "=5 

XI • 

CO o 

§ s 

w. E 



C5 



E 

s 

.2 o 
o .S 
E?E 

rt « 

T3 — 
E 60 
CO u 
B 

E 

9 C5"2 
1 P 

SS « " o. 
W -5 o 

* O o 
OCT ffi? 
^ CO 00 



1! 

3 2 
g 00 

« .5 

as 

.S 3 

E O 

0 o 

CJ3 > 

.5 

^ V3 
to C3 

rt D. 

^ BJJ 

p'i 

op ^ 



P5 .S 

. CO 

»"i s 

co 

C . >, 

1 ^ s 

5 05 o 
„ co 
y s « 
.2 O -B 
05 CO 3 

2 



CO 

B 
P 



•B c & 



3 

X) 

o 
&. 

60 

c ■ 



Xi C£3 

E 
U 

I s 



o 
E 



* O y co Co 

B 

CO 

X) 



i—i aj 



5 Ov u 
C o s 

■o m » 
CN E 



CO -B 



S05 



E 

2 . _ 

XI CM 5 

•* f -s 
■- <=> 

X! 00 «J 

■ o 01 c5 

.S ^ t 

■> o - 

r5 o 

'»§ iV 

S2 < . 

2 -2 



3h E 
i » s 
^ .0 

CO >s~ 
60 <u 

& o 



- 1 -3 g 

'S .O "j 

^ B^S 

'S ^ & 

o O ra 



o c 
8* 

.S b 2 

a 05 S 

cO <*4 3 

ft. o o 

E 

O O B 
00 -a 

ON CO 2 

> ' J^l 

E p 

ft. 8 S 



0.-C? g 

2 -a 
5 = 0 



5 

E cj 3 

-4 CJ 
.2 " Z 

•3 a . 

Iff 



CO « 



a "105 
o 

60 CO 

•a o 



= 2 

_ o 

u r! 
D. 

f 60 
E E 

00 E 



CJ 1-, 
CI I 

u- |T 



co 
> 



CJ 



05 _ 
0" ..5 c 

co E Bi B 



C 

co S 
o 

4 1_ 



00 < 
O 



.S "a 
o 2 

CO V 



2 £ 



„• 3 
ft. o 

^2 

U CO 
vt U 

O XI 

05 c 

CO 

r o 
o5 2 

ft! ? 

- co 
« X) 

« E 
o 



8 



y o 0 "3 *3 



p 3 5 



c 

o .„ 
O o 

X) 

Sep, 
2 o » 



O CO 

§ 5 

cd 

Hi 

.— CJ 

CJ E 

6 « 



4j; cj 

II 

O wj 
|V CO 
" E 

13 

CO CO 



2 s= 

3 o 

•!T O- 

> W 
CO I 

•p s 

X- < 

"3 9 



£ 5-T 



2 SO 



'= E 

8" § 



5 8 «* 

a ^ 

co 



y 



°0 - 
0\ B 



So ^ .a 

w'O ^ O 

0 04 *5 ^, 

w E 
XI B ii « 

§ a s ^1 

.2 3 s 

O « 14 

c " "I- 1 '5 
E^N 

co ° U 
He 



« 2. 



u S3 



n. 5 



i P5 ■* 

T-t- _ ' 1 



co w co cO 



J; 0 to 3 



- o 

■CT -S U4 



_-^> S 

1Mb* 
' 2 2 

3 E o. 'a 
^ CO * - 



V3 a 

CJ Q 



c 
Ec 
iS = 

ra 

rj 

5 C£ 



5" . 
p ft. 



CJ O 
X! E 
.2 3 



— x - 

•5 CJ CO 



a 

.a § . 

| al 

w O cd 

+3 <d cd 
'C b ^ 
12 & o 

O L> > 



-6 .a 

.s-s 

O j-t 
3 



> 

•T-< 

00 



u 



o 



o 



co 

© 



s >>2 o c « S o-S 



z 
o 

H 

u 

D 
Q 
O 

H 
2 



z 

2 
OS 

<: 
w 
j 

w 
o 

2 
< 

a 

o 
> 
< 

> 

CO 
< 

a. 



•S a 
a § 

o 

«> a 

_ u 

to 0> 

3.8 
S * 

-3 W 

E '3 
"C 00 
" .5 

.S3 ~ 

=a .a 

US' 
3^ 



a § ■ a ^ -a 

« M > tl «> 

<o T3 , ^ 3 C 

-.s 

c 

jd S U 



>. <o a-.S a> 2 
" . 2 c a E 

s « « 

~ > u 

o ,o 



._ B e c ^"2 



St: 0 



E •* -I 3 S 3 

■r 2 3 £ a- <° 

S iS " rt ST >. 

a> on u H 7? 

^.c > •§ U 

.2 "5 « " OT 2 

js E « « « c 
c in « a« o 

t! _?i — * « 
O - C B ^, » 

» « S S 5 s 

CJ " «l U 
T> C o W » O 

i2 2 "S. c 
1e .§ o ° © g 



e 3JJ.S 

5 M -B 

cS 3 o E3 
>■, E -° ~ 
S -2P «> 8 
c "a -S S 

C CO -TS « 
1> J-. CO T3 

B g.8 o 

•S g>« .5- 

.5 « u 



o n C 



S3 



to 

s « 



SUM-IB 
COO 

•= o E 
^ > o 

■JJ CO w 

o u ^ 



•53 u, j> co S 

•S -2 « g § 
Q c 

2 .S ^ as « 

>i-:> 3 co 
w 2 > o js 

73 a »> m » 
o 3 C« 5? 

u, g o J3 C 

a o g o co 

BTt S ffl « 

•» ^ E -3, "3 
- E g 5 'g 



E .52 



" o o o s 
.2 £ w> fi<^ 



-a 



c 3 

0 a. 
u 

o > 
J3 t-i 

B 0 

CO T3 
* « 

"5 -is 



c w - ■ ■ 

5J 3 12 w Cr 



~ 1- > 2 

Z « £ E 

o S g 

— c c 

« O CO -g 

g •= £0 



? e - 

tq Li -h £ 

^ _ o-.o Ev 9 S O o g IV 
£ - « ^ 

£ £ ^5 



§ ' O J3 ^ » 



2 ° -S ^-o co 

3 « 0 « o -a 
■e > o ^ J3 - 0 

CO U co *^ " — 



S 3 g o .2 

rt « S 1) jj 

3 .-2 S 8 f 

w _ CO 

a ~ 2 U g 

-O )-c W o 8 

S « E 0 

<0 CO |2 M 
. XJ 3 U > 

e " 8 S « 
i5 aft"- 

X) B O 2 3 

8 J .5. £ g 



O « u ^, C3 



3 H £ 5 » 



S .§ = s" 
o 2 2 *s 

E - S 
to h soft 

.5 c .S co 
e ? a 

S Vh CO 

■V S - S !5 

■A m <3 o 

S5 °^ « 

V as c 
3 «J •=• 

■c 3 u ^.E 

a -° E js 

5 =a o E "g 

a so 2 . p 
•c o a E 
b s -S Q .2 
-3 O — a 
w 3 e* co 

« c S? .E -a 
u co P s o 

a ? B f2 I 

i 

o. o a e>o c 
„ o,-« a [2 

w Si 00.5 73 

a 2 a a s; 
q jC co 0.0 



8 

o 

- ^ 



o 




Original article 231 



Protection against Ap-induced memory loss by tripeptide 
D-Arg-L-Glu-L-Arg 

Radmila Mileusnic 3 , Christine Lancashire 3 , Jonathan Clark b and 
Steven P.R. Rose a 



The molecular and cellular mechanisms underlying the 
memory deficits in Alzheimer's disease are increasingly 
thought to be associated with faulty processing of amyloid 
precursor protein. Following our earlier findings that it is 
possible to use the tripeptide RER (NH 2 -D-Arg-L-Glu-L-Arg- 
COOH, derived from the external domain of amyloid 
precursor protein) to rescue memory in animal models, 
we report here that the diasteromeric (d/l) form of the 
acetylated tripeptide RER protects against Ap-induced 
memory loss for a passive avoidance task in young chicks 
and enhances retention for a weak version of the task 
when injected peripherally up to 12 h before training. The 
tripeptide readily crosses the blood-brain barrier, binds 
to membrane receptor sites in the brain and is without 
adverse effects on general behaviour. We discuss this 
finding in the context of other studies of the importance 
of peptides containing D-amino acids, and conclude that 



these RER-related peptides may form the basis for 
a potential therapeutic agent in the early stages of 
Alzheimer's disease. Behavioural Pharmacology 
18:231-238 © 2007 Lippincott Williams & Wilkins. 
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Introduction 

The discovery of an effective agent to alleviate the 
cognitive and memory deficits characteristic of the early 
stages of Alzheimer's disease (AD) is a high priority. The 
drugs currently licensed to treat the disease, targeted 
towards cholinergic and glutamatergic transmitter sys- 
tems, are, according to the recent meta-analyses by the 
UK's National Institute for Clinical Excellence (www. 
nice.org.uk), of only limited efficacy The rationale for their 
development lay in the fact that cholinergic hippocampal 
neurons are among those to die early in the progression of 
the disease, and the hippocampus is centrally involved in 
memory formation. The recognition that many if not all 
the steps in the cascade of biochemical events character- 
istic of AD and which leads to cell death and plaque 
accumulation are triggered by the improper processing of 
the amyloid precursor protein (APP, the so-called amyloid 
hypothesis) (Selkoe, 2000; Hardy and Selkoe, 2002), 
however, has led to increased attention being paid to the 
possible role of APP in memory-related processes and to 
its malfunction as helping explain the memory deficits in 
the disease. APP is an evolutionarily highly conserved 
type I integral membrane glycoprotein (Sandbrink et a/., 
1994; Turner eta/., 2003). Structurally, it resembles a cell- 
surface receptor, whose proteolysis may be triggered by 
external ligands. It is processed by at least three proteases 
(a-, P- and y-secretases). In circumstances leading to AD, 
the combined action of 0- and y-secretase (amyloidogenic 

0955-8810 © 2007 Lippincott Williams & Wilkins 



processing) generates the A0 peptides (A0 1-40 and A0 
1-42), which in turn form the insoluble plaques 
characteristic of AD. In nonamyloidogenic processing of 
APP, oc-secretase cleaves APP within the A(i domain, 
releasing secretory APP (sAPP) and the cytoplasmic 
domain (ocCTF). 

Evidence that the normal functioning of APP is required 
for memory formation in animal models has come from a 
variety of sources. In such animal models, memory 
formation is thought to involve a biochemical sequence 
which, beginning with transient increases in glutamate 
flux and upregulation of W-methyl-D-aspartate glutamate 
receptors, leads to gene activation and, some hours 
downstream of the initiating training event ('learning'), 
the remodelling of synapses by processes that include the 
insertion of newly synthesized cell adhesion molecules 
into presynaptic and postsynaptic membranes (Rose, 
2004). APP plays a key role in this sequence, almost 
certainly early on, when sAPP binds to putative receptors 
in the neuronal membrane and triggers an intracellular 
signalling cascade (Turner et a/., 2003). Most of the 
evidence for this is based on the effects of intracerebral or 
intraventricular injections of exogenous APP, its proteo- 
lytic fragments, or antibodies and antisense oligodeoxy- 
nucleotides. For example, anti-APP antibodies impair 
memory formation in rats (Doyle et a/., 1990). Ap and 
structurally mimetic nonpeptidic substances produce 
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amnesia for active avoidance following footshock in mice 
(Flood et a/., 1990), impair retention in the Y-maze, in 
passive avoidance and place-learning in the water-maze 
(Maurice eta/., 1996). In contrast to the effects of Ap\ 
sAPP when administered intracerebroventricularly, shows 
potent memory-enhancing effects; for example, it pre- 
vents the (earning deficits induced by scopolamine in an 
object recognition task (Meziane et a/., 1998) and 
improves spatial recognition memory (Bour et a/., 2004). 

The chick is a particularly relevant model to humans for 
the study of the role of APR Chick APP is 95% identical 
to human APP over its entire length, whereas the Af5 
sequence is 100% identical (Coulson et a/., 2000; 
Carrodeguas et a/., 2005) and there is strong evidence 
for the role of APP in memory formation in chick learning 
paradigms. Analysis of differential gene expression during 
imprinting, a form of early learning in chicks, showed that 
the degree of APP gene expression is related to the 
strength of memory retention (Solomonia 2003). We 
have for many years been working with a one-trial passive 
avoidance learning task in day-old chicks to elucidate the 
biochemical cascade associated with long-term memory 
formation (Rose, 2000). This task exploits the propensity 
of young chicks to peck spontaneously at small brightly 
coloured objects such as beads; if the bead is made to 
taste unpleasant [by dipping in the bitter tasting 
methylanthranilate (MeA)] the chick will peck once, 
show a disgust response, and avoid similar-looking but dry 
beads for at least 48 h subsequently. In this task, 
forgetting (amnesia) is indicated by the trained chick 
pecking at the hitherto bitter bead at test. 

We have previously reported that blocking APP function 
by intracerebral injection of a monoclonal antibody to its 
C-terminal domain, or downregulating its synthesis by 
the use of antisense RNA, while without effect on the 
chick's ability to learn the avoidance task, ,' ; prevented 
longer-term recall of the avoidance response (Mileusnic 
et a/., 2000). In that paper, we also showed that the 
memory lost in the presence of the antibody or antisense 
could be 'rescued' by intracerebral injection of a 
pentapeptide, RERMS, homologous to APP 322-328, 
part of the growth-promoting domain of APP. Subse- 
quently, we have shown (Mileusnic eta/., 2004) that this 
effect is due to the palindromic tripeptide sequence RER 
(arg-glu-arg). Injected intracerebrally around the time of 
training, RER not only protects against the. amnestic 
effects of downregulating or functionally blocking APP, 
but also protects against the amnestic effect of injected 
A(3 12-28. In in-vitro binding studies, RER binds to two 
membrane partners in both the chick and human brain, at 
110 and 60 kD, respectively. 

The passive avoidance task can be used in both a weak 
and a strong form; in the weak version of the task, 
memory is retained for only some 6-8 h after training. A 



number of agents, including brain-derived neutropic 
factor (BDNF) (Johnston and Rose, 2002), applied 
around the time of training, will enhance retention for 
the weak version of the task, such that there is still good 
recall at 24 h after training, just as with the strong form of 
the training (Rose, 2000); RER will also serve in this way 
as a memory enhancer, converting 'weak' to 'strong' 
memory. The potential therapeutic utility of the RER 
tripeptide is, however, limited by its relatively rapid rate 
of metabolism; if the training is delayed by more than 
3h after injection, there is no effect of the peptide 
(Mileusnic et a/., 2000). To increase its effective life, 
we acetylated the N-terminal end of the tripeptide 
(Ac-RER); this formulation was also effective in prolonging 
retention and in protecting against the amnestic effects of 
Af5 and, more importantly, was active when injected 
peripherally as well as centrally, being rapidly transported 
across the blood-brain barrier (Mileusnic eta/., 2004). 

In efforts both to cast light on the mode of action of the 
peptide, and to increase its efficacy as a potential memory 
enhancer, we have been exploring a number of com- 
pounds structurally related to RER. Of particular interest 
have been the behavioural responses in the chick to the 
optically isomeric D or diasteromeric (d/l) forms of the 
peptide. 

Here, we report that Ac-rER, but not Ac-ReR, Ac-REr or 
Ac-rer (where the lower case indicates the D-isomeric 
form of the amino acid), protects against AP-induced 
memory loss and enhances retention when injected 
peripherally up to 12 h before the training task. It thus 
becomes of considerable interest to consider these 
peptides as the basis for a potential therapeutic agent 
in the early stages of AD. 

Methods 

Subjects and training 

Training procedures were exactly as described in previous 
reports (Mileusnic et a/., 2004). Briefly, commercially 
obtained Ross Chunky eggs were incubated and hatched 
in- our own brooders and the chicks were held until 
24±6h old, when they were placed in pairs in small 
aluminium pens. Following an equilibration period of an 
hour, chicks were pretrained by three 10-s presentations 
of a small (2-mm diameter) white bead, at approximately 
5min intervals. Chicks that failed to peck the bead at 
least twice in three presentations (less than 5%) were not 
used subsequently, but remained in their pens for the 
duration of the experiment. Training consisted of a 10-s 
presentation of a 4-mm diameter chrome bead that had 
been dipped in either the bitter-tasting MeA (strong 
training) or a 10% solution of MeA [weak training (WT)]. 
Twenty-four hours following training, chicks were tested 
by offering them a dry chrome bead, followed 10 min later 
by a small (2 mm) white bead, each for 20-30 s. Chicks 
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were considered to remember the task if they pecked at 
the white bead, but avoided the chrome bead at test, and 
to have forgotten it if they pecked at both beads. Only 
chicks that pecked at the bitter bead on training and the 
white bead at test were included in the final results. 
Among the chicks that met the criteria (> 80%), recall 
was calculated as a percent avoidance score (i.e. number 
of chicks in each group that avoided the chrome bead 
but pecked the white on test x 100/total number of 
trained chicks). Each chick was trained and tested only 
once, normally by an experimenter blind as to 
prior treatment of the birds. At appropriate times relative 
to training, chicks were injected with peptides as 
specified. 

Intracerebral injections 

Bilateral intracerebral injections of peptide or saline 
(2ul), at doses indicated in Results section, were made 
using a 10-ul Hamilton syringe fitted with a plastic sleeve 
to allow a penetration of 3.5 mm designed to deliver the 
injection into the intermediate medial mesopallium 
(IMMR previously called IMHV; Reiner et a/., 2004), a 
region known to be crucial for memory formation (Rose, 
2000). Correct placement of injections into the IMMP 
was ensured using a custom-built headholder (Davis eta/., 
1979) and routinely visually monitored postmortem. 
Owing to the chick's unossified skull, intracerebral 
injections do not require anaesthesia. These injections 
are rapid (<20s per bird) and cause no observable 
distress to the chicks. Intraperitoneal injections were 
made in a volume of 0.2 ml. No evidence of toxicity was 
apparent at any dose of the tripeptides used.. All 
procedures were carried out under Home Office Licence 
to SPRR and are classified as 'Mild'. 

Detection of tripeptides 
Brain sections 

Untrained chicks were killed at various times following 
injection of rhodamine-Ahx-Ahx-rER and fluorescein- 
Ahx-Ahx-RER, where Ahx is a 6-aminohexanoic acid 
spacer group. The rhodamine label was Lissamine 
Rhodamine B. Forebrains were removed and frozen slowly 
in precooled isopentane. Frozen 10-um cryostat coronal 
sections were collected at -18°C, air dried at room 
temperature and stored at -20°C. Sections were 
preserved using a fluorescent antifade mountant (Dako, 
UK, Ltd). To check that the injections were correctly 
placed, adjacent sections to the fluorescently probed ones 
were fixed, and then stained with 0.25% aqueous 
toluidine blue, dehydrated by passing through 80-100% 
ethanol and preserved using DPX mountant. Sections 
were examined with a Leica MZ stereomicroscope (Leica 
Microsystems, UK, Ltd). 

Tissue homogenates 

Chicks were injected with fluorescein-labelled peptide 
and killed 1 h later. Tissues from several body organs were 



homogenized in A-2-hydroxyl piperazine-A^-ehane sul- 
phonic acid buffer (pH 7.2) containing 0.32mol/l sucrose, 
Mg 2+ and protease inhibitors. Proteins (50 ug) (Brad- 
ford, 1976) were separated by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) under 
reducing conditions on a 10% polyacrylamide gel 
(Laemmli, 1970). Fluorescence was visualized using a 
Typhoon laser imager and total protein assessed by 
staining the gels with SyproRed (SyproRed Molecular 
Probes, Invitrogen UK Ltd and Typhoon, GE Healthcare 
UK Ltd). 

Peptides 

All tripeptides were custom synthesized by and pur- 
chased from Cynosure Chemistry Research Ltd. 
(Cambridge, UK), dissolved in appropriate volumes of 
physiological saline and frozen before use. AB 1-42 was 
purchased from Bachem and aged for 3 days at room 
temperature (Fogarty, Downer and Cambell, 2003). 
T1P39 was purchased from Sigma (Sigma-Aldrich Com- 
pany UK Ltd). 

Statistical analysis 

The differences between groups (» = 18-20) were tested 
for statistical significance by G-test for goodness of fit 
corrected for a better approximation to % Z distribution 
(sample size of < 25) using the Williams correction to 
the observed G (Sokal and Rohlf, 1995). Chi-square 
criteria were used to determine whether the behavioural 
response (peck vs. avoid) of chicks in treated groups 
differed from that in the control group. Significance 
levels were set at P < 0.05. 

Results 

Effects of D/L-peptides injected intracerebrally and 
peripherally 

We first compared the effects of four modified peptides 
(Ac-rER, AcREr, Ac-ReR, and Ac-rer) with that of Ac- 
RER in protecting against the amnestic effect of AB. As 
Fig. la shows, AB, injected intracerebrally 60min before 
training the chicks with 100% MeA (strong training), 
reduced the avoidance score (i.e. retention), in chicks 
tested 24 h later, from 75 to 27% (»/group = 20; 
G= 14.64; P< 0.001). Ac-RER (8 ug/hemisphere) in- 
jected 30min pretraining to the AB-injected animals 
restored retention to the control levels (»/group = 18; 
G = 9.17; P < 0.005), as found previously. It was the same 
with the modified peptide Ac-rER (»/group = 19; 
G = 9.71; P< 0.005). Ac-ReR also partially restored 
retention (»/group = 20; G = 6.25, P< 0.025), whereas 
neither Ac-REr nor Ac-rer was effective. 

Figure lb shows that a similar dose of Ac-rER 
(«/group = 20; G= 10.70, P< 0.001), injected intracere- 
brally 60min pretraining, was as effective as Ac-RER 
(«/grbup = 20; G = 9.82, P<"0.005) in enhancing reten- 
tion in chicks trained on 10% MeA (WT). Again, neither 
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Fig. 1 
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(b) 
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Effects of D/L-peptides injected intracerebral^ and peripherally, (a) Controls [trained on 100% methylanthranilate (MeA)] were injected into the 
intermediate medial mesopallium (IMMP) with 2 ul of sterile saline 60 and 30 min before training; in the experimental groups, Aj3 (2 ug/hemisphere in 
2 ul of sterile saline) was injected 60 min before training, followed by Ac-RER, Ac-rER, Ac-ReR, Ac-REr or Ac-rer (8 ug/hemisphere in 2 ul) injection 
30 mm later. Chicks were tested 24h after training. *P< 0.0025; **P<0.005 (b) Controls trained with 100% (strong training) or 10% MeA [weak 
training (WT)] were injected into the IMMP with sterile saline (2 ul/hemisphere). Acetylated tripeptides (2 ug in 2 ul/hemisphere) were injected 60 min 
pretraining. Chicks were tested 24 h after training. *P<0.01 ; **P< 0.005. 



Ac-REr nor Ac-rer was effective. Ac-ReR was again less 
effective («/group=18; G = 6.25, P<0.01) than the 
Ac-rER. All subsequent experiments therefore employed 
only the Ac-rER form. 

Effect of Ac-rER injected peripherally 

We next established that Ac-rER was also effective in 
enhancing retention of WT when injected intraperiton- 
eally. As Fig. 2a shows, intraperitoneal injections of 1 or 
2mg/100g body weight and lh pretraining. enhanced 
retention to the level found with strong training at test 
24h later (1 mg/lOOg body weight; «/group=17, G = 
9.307, P< 0.001; 2mg/100g body weight, »/group = 20, 
G = 14.08, P < 0.001). Furthermore, the peptide was still 
effective if injected up to 12 h before the training (lh 
G= 14.08, P< 0.001, 2h G = 9.92, P< 0.005; 6h 
G = 29.37, P< 0.001; 12 h, G= 14.08,. :P< 0.001; 
»/group = 18-20) (Fig. 2b). If injected 5.5 h after training 
[a time point previously shown to be relevant tp a second 
wave of protein synthesis (Rose, 2000)], Ac-rER failed to, 
however, enhance retention (data not shown). 



To investigate whether a repeated but lower dose of the 
tripeptide, if injected peripherally, could also be effective 
in preventing ApMnduced amnesia, we injected a lower 
dose of Ac-rER (1 mg/lOOg body weight) at 12 and 6h 
before strong training. An hour before training, we 
injected A0 intracerebrally, as previously discussed 
(»/group = 20; G= 12.59, P< 0.001). As Fig. 3 shows, 
the repeated intraperitoneal injections of the lower 
peptide dose also protected against the amnestic effect 
of the A(3 («/group = 20; G = 12. 59, P < 0.001). 



Specificity of the RER sequence 

The predicted RER sequence is found in both the chick 
and the human genome more than 100 times 
(wvDw.ncbi.nlm.nih.gov/BLAST). To check the specificity of 
the behavioural effect of our APP-derived sequence, we 
tested TIP39, the natural peptide ligand for the para- 
thyroid hormone-2-receptor receptor, in which RER 
appears at the N-terminal end, position 11-13, in our 
training task. TIP39 is a G-protein-coupled receptor that 
shares a high homology with other receptors of this class 
(Piserchio 2000). TIP39 had no effect on AfJ-induced 
amnesia when administered at 30 min pretraining. Inter- 
estingly, a control group injected with TIP39 showed 
pronounced amnesia when tested 24 h later (Table 1). 

Binding and localization of d/l tripeptide 
Displacement studies and localization in the brain 

To determine whether Ac-rER exerts its effects by binding 
to a specific target, we investigated whether labelled-REr 
could displace the labelled-rER or alter its behavioural 
efficacy. Chicks were divided into three primary groups, A, 
B and C, which were further subdivided into two subgroups: 
a and b (see Flowchart). 



120-140,; 
Chicks 



y a: Sal/Sal 
Group A <C 

^ b: Sal/Ac-REr 


100% MeA 


, a: Sal/Sal 
Group B <f 

>» b: Sal/Ac-REr 


10% MeA 


, a: Sal/Ac-rER 

Group C<C 

b: Ac-REr/Ac-rER 


10% MeA 



Test: 24 hr 
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Fig. 2 
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Effect of Ac-rER injected peripherally, (a) Controls trained with 1 00% and 1 0% methylanthranilate (MeA) were injected with sterile saline 
(0.2ml/chick). Ac-rER (0.1-2mg/0.2ml/100g body weight) was injected 60min before training. Chicks were tested 24 h later. G-test revealed a 
pronounced behavioural effect of 2mg/100g. *P<0.005 (b) Controls trained with 100% and 10% MeA were injected with sterile saline 
(0.2 ml/chick). Ac-rER was injected (2mg/0.2ml/100g body weight) at different times before training. Chicks were tested 24 h later WT weak 
training. **P< 0.001. 



Fig. 3 



Table 1 TIP39 effect on memory 



100 



75 



50 



25 



lilt 




■ 


|pjj|j 




llBf 






PR 
111 

«.■:■• ' 

IBl 


ffSll 
si* 

. +■•• 

pL<1§ 

1111 


iiiiiiPi 
fill 

§ilfif§ 


is 
Bf 



The effect of a repeated but lower dose of Ac-rER injected peripherally. 
Ac-rER (1 mg/100g body weight) was injected intraperitonelly at 12 
and 6 h before strong training. Ap (2 ug/hemisphere) was injected an 
hour before training. *P< 0.001 . 



A. TIP39 (8 ug/hemisphere) injected into IMMP of animals trained with 100% 
MeA 





Percentage of avoidance 


Saline ' 


TIP39 


91 
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n = 15-20 in each group. 

Subgroups Aa and Ba were doubly injected with saline to 
control for the effect of two consecutive intracranial 
injections on a weak and strong training paradigm. 
Subgroups Ab and Bb were injected with saline followed 
by Ac-REr, to control for the effect of Ac-REr on both 
training paradigms. The enhancing effect of the Ac-rER 
on a WT paradigm was tested in the subgroup Ca, which 
was injected with saline followed by Ac-rER. The possible 
displacement effect of the Ac-REr on the Ac-rER was 
tested in the subgroup Cb. The Ac-rER was labelled with 
rhodamine and the Ac-REr with fluorescein. In all the 
groups/subgroups, the injections were given 60 and 
30min pretraining. Group A was trained with 100% 
MeA (strong training) and the remaining two groups B 
and G were trained with 10% MeA (WT). Figure 4 shows 
that (i) double injections of saline or saline followed by 
Ac-REr do not affect behaviour and, much more 
importantly, memory (Fig. 4A, subgroups Aa, Ab, Ba and 
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Fig. 4 
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Binding and localization of d/l tripeptide. (A) Chicks were divided into three primary groups, A, B, and C, which were further subdivided into two 
subgroups: a and b. All the groups/subgroups were injected 60 and 30 min pretraining. Subgroups Aa and Ba were doubly injected with saline. 
Subgroup Ca was injected with saline followed by Ac-rER. Subgroups Ab and Bb were injected with saline followed by Ac-REr. Subgroup Cb was 
injected with Ac-REr followed by Ac-rER. The Ac-rER was labelled with rhodamine and the Ac-REr with fluorescein. Group A was trained with 1 00% 
MeA [strong training (ST)J and the remaining two groups, B and C, were trained with 1 0% MeA [weak training (WT)]. Inset in figure shows 
rhodamine-labelled Ac-rER visualized with a Typhoon laser imager. (B) Chicks were injected intraperitoneally (0.2mg/100g body weight) with 
rhodamine-labelled Ac-rER together with fluorescein-labelled Ac-RER. Brains were dissected 60 min following injection and sections examined with 
a Leica MZ stereomicroscope. Localization of the fluorescein-labelled Ac-RER (a); rhodamine-labelled Ac-rER (b); merged image of fluorescein and 
rhodamine fluorescence (c); merged image of rhodamine and fluorescein fluorescence (d); brain section stained with toluidine blue (e); schematic 
representation of chick brain anatomy (f) adapted from Reiner er a/. (2004). HMp, hypermesopallium; Hp, hippocampus. *P<0.010. 



Bb); (ii) Ac-rER enhances memory formation in the WT 
paradigm (subgroup Ca to the level observed in the group 
A) (»= 14-17/group; (7=7.64, P< 0.010); (iii) Ac-REr 
showed no impact on the enhancing effect of Ac-rER 
(subgroups Ca and Cb). To gain information on the 
binding and/or displacement of the labelled tripeptides, 
brains were dissected after completion of the behavioural 
study, homogenized and subjected to SDS-PAGE. As the 
inset in Fig. 4 shows, fluorescein-labelled Ac-rER binds to 
a target protein running at approximately 69 kL)a, whereas 
rhodamine-labelled Ac-REr found no binding partner. 

As Ac-rER was behaviourally as effective as the L-form of 
the tripeptide, it was of interest to compare their 
intracerebral distribution following intraperitoneal injec- 
tion. We therefore injected rhodamine-labelled Ac-rER 
together with fluorescein-labelled Ac-RER. Brains were 
dissected 60 min following injection (Fig. 4B). We 
confirmed by immunofluorescence microscopy that both 
tripeptides are predominantly expressed in the hyper-, 
meso- and nidopallium (Fig. 4B, panels a and b) and show 
almost identical colocalization (Fig. 4B, panels c and d). 

Tissue distribution of Ac-rER when injected 
peripherally 

Finally in this series, to identify the tissue distribution of 
Ac-rER, chicks were injected intraperitoneally with 
fluorescein-labelled Ac-rER. One hour following injection 



various tissues were excised, homogenized and subjected 
to SDS-PAGE. As Fig. 5 shows, fluorescein-labelled rER, 
when injected intraperitoneally, binds to a single protein 
with molecular weight of approximately 69kDa in brain, 
heart and liver. In kidney, however, it binds to an 
additional band with MWof ~40kDa. Interestingly, the 
peptide showed no binding partners in spleen and 
plasma. 

Discussion 

Two significant conclusions can be derived from these 
experiments. The first relates to the still unknown 
mechanisms whereby the peptide exerts its effect. The 
fact that substituting the C-terminal arginine with the D- 
isomer essentially abolishes the memory retention- 
enhancing effect of the peptide (Figs 1 and 2) points to 
the crucial role of this amino acid, in its normal L- 
conformation, in binding to the peptide's putative 
membrane receptors. The binding studies presented in 
Fig. 4 confirm that the C-terminal end of the Ac-rER is 
indeed a crucial binding region of the tripeptide. 

The fact that there is no difference in the magnitude of 
the effect of the l- and l/d tripeptide on behaviour 
suggests that their behavioural effect might be mediated 
by the same biochemical processes. The L-form, as we 
have earlier reported, is itself displaced by a 17-mer 
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Fig. 5 
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Tissue distribution of Ac-rER when injected peripherally. Chicks were 
injected intraperitoneally with fluorescein-labelled Ac-rER (2 mg in 
0.2 ml/1 00 g body weight). One hour following injection, various tissues 
were excised, homogenized and subjected to sodium dodecyl sulphate- 
polyacrylamide gel electrophoresis. Panel on the left represents the 
total proteins in the homogenate. Panel on the right represents the 
fluorescein signal in the total homogenate visualized with Typhoon laser 
imager. 



A wide variety of naturally occurring peptides have been 
detected in brain and cerebrospinal fluid, varying from 
small dipeptides to tripeptides such as carnosine and 
thyrotropin releasing hormone to larger polypeptides such 
as insulin, leptin and fibroblast growth factor (FGF). 
They are delivered across the blood-brain barrier and 
blood-cerebrospinal fluid barrier by members of the 
proton-coupled oligopeptide transporter family, in parti- 
cular PEPT2. PEPT2 works in concert with PEPT1 to 
efficiently absorb products of digested proteins from the 
intestine and kidney. PEPT2 is widely expressed in 
various tissues, including brain (for review see Smith 
et a/., 2004). Some evidence that D-isomers may be more 
readily taken up across the brain epithelium than the 
L-forms (Fuchs et a/., 2005) is also found. The tissue 
distribution of the Ac-rER confirms that the tripeptide 
can indeed cross membrane barriers, including the blood- 
brain barrier (Fig. 5). Its residence time in plasma is 
either very short or there is no naturally occurring binding 
partner. The same is true for the spleen. In contrast, in 
kidney the tripeptide binds to two proteins, one of which 
has the lower MW of 45 kDa. We are currently 
investigating the chemical nature of the protein-tripep- 
tide binding that allows the fluorescein-labelled rER to 
remain bound to its target protein during the denaturing 
conditions of SDS-PAGE. 



fragment of APP, supporting our hypothesis that the 
peptide works by substituting functionally for sAPP. 
Strong training, we propose, would normally elicit a 
release of sAPP necessary to trigger the second messen- 
ger cascade required if lasting memory is to be formed. 
The WT protocol does not provide a sufficient signal for 
the release of sAPP, and therefore memory is not retained 
beyond an early phase. Exogenous Ac-RER or Ac-rER 
combined with a WT protocol bypass the requirement for 
sAPP release. Similarly, the peptides bypass the processes 
that are blocked by Afi. 

As the 17-mer sequence (AKERLEAKHRERMSQVM) 
derived from the external domain of APP has an enhancing 
effect similar to that of the isolated RER tripeptide, 
(Mileusnic etai, 2000) the lack of positive effect of TIP39, 
despite the fact that it also contains the RER sequence, 
suggests that it is the specific conformation in which the 
tripeptide occurs in the longer APP protein sequence that 
is important to the enhancing effect. The evidence 
presented in this paper about the positive effect of Ac- 
rER compared with the other D-substituted " peptides 
supports this conclusion. This does not automatically' rule 
out the possibility that the other peptides containing an 
RER sequence might also be behaviourally active; it could 
be that the epitope containing the RER sequence in TIP39 
does not bind to the appropriate membrane receptor or it is 
hidden in the peptide fold, and hence not capable of acting 
as a ligand. 



In general, peptides containing D-isomers are more 
resistant to proteolysis than their L equivalents, and as 
a result have begun to attract increasing interest as 
potential immunogens, diagnostic and therapeutic agents 
(Fujii, 2002). Although some D-isomeric amino acids are 
toxic, because of their capacity to bind to and inhibit 
enzymes, D-isomeric amino acids do occur, albeit rarely, in 
nature, both as free amino acids, notably D-aspartate and 
D-serine, in some neuropeptides and proteins 
(Van Regenmortel and Muller, 1998; Navarro et a/., 
2005). D-serine and D-alanine are important modulators 
of glutamatergic neurotransmission and act as potent 
agonists at the glycine site of N-methyl-D-aspartate 
receptors (Kemp and Leeson, 1993; Klecker and Dingle- 
dine, 1998; Bauer et a/., 2005). D-serine enhances long- 
term potentiation in the CA1 subfield of hippocampal 
slices of the senescence-accelerated mouse (Yang eta/., 
2005) and spatial learning in mutant mice lacking 
D-amino acid oxidase (Maekawa et a/., 2005). It has been 
reported that D-arginine is toxic in high concentrations in 
mice (LD 50 : 28 00mg/kg; Navarro eta/., 2005). Even if in 
our experiments, however, there had been a release of 
free D-arginine, injection of the peptide, even in quite 
high doses, showed no adverse effect on behaviour. 

What is clear from these experiments, and the second and 
important conclusion from our studies, is that Ac-rER is a 
longer-lasting and more stable form of the putative 
memory enhancer RER. It is taken up into the brain from 
the peripheral administration, and is active behaviourally 
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for at least 12 h following such administration (Fig. 3). It 
thus provides a novel basis for therapeutic intervention in 
the early stages of AD. We are currently actively exploring 
this potential. 
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The peptide sequence Arg-Glu-Arg, present in the amyloid 
precursor protein, protects against memory loss caused by 
A(3 and acts as a cognitive enhancer 
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Abstract 

Amino acid sequences containing the palindromic tripeptide RER, matching amino acids 328-330 of the amyloid precursor protein APR 
when injected intracerebrally prior to or just after training, protect against memory loss induced by amyloid-beta (Ap) in a one-triai 
passive avoidance task In the young chick. RER also acts as a cognitive enhancer, strengthening memory for a weak version of the task. 
N-termlnal acylation of RER protects it against rapid degradation, and AcRER is effective In restoring memory if administered 
peripherally. Biotinylated RER binds to chick neuronal perikarya in an APP-displaceable manner via 66 and « 1 10 kDa neuronal cell 
membrane proteins. We suggest that RER binding is likely to exert effects on memory retention via receptor-mediated events that 
include activation of second messenger pathways. These findings suggest that RER and its derivatives may offer a novel approach to 
enhancing the neuroprotective effects of APP and alleviating the effects of memory loss in the early stages of Alzheimer's disease 



Introduction : c 

The amyloid precursor protein (APP) is a rapidly turning over multi- 
functional transmembrane glycoprotein involved in neuroprotection, 
neurotoxicity and regulation of transcription localized to membranous 
structures in the cell, including ER, Golgi and pre- and postsynaptic 
regions. It is extensively processed post-translationally by both gly- 
cosylation and specific proteolytic cleavage. Like APP, these frag- 
ments initiate or execute a variety of cellular functions. For example, 
the soluble fragment of APP (sAPP) derived from the external domain 
of APP, which has many binding partners, is involved in cell adhesion, 
neurotrophic and neuroprotective activity, synaptic plasticity and 
memory formation. In contrast, 'the Ap fragment Is ^neurotoxic. The 
improper processing of APP. which leads to the accumulation of Ap 
and plaque formation, is a crucial event in the pathology of Alzhci- 
mer's disease (reviewed in Selkoe, 1994; Hardy & Selkoe; 2002; 
jj Turner ernf., 2003). It is therefore particularly important to understand 
the involvement of APP in normal memory formation. 

We have previously shown (Mileusnic el al, 2000), using a one-trial 
passive avoidance paradigm in young chicks, that disrupting APP 
synthesis with antisense, or its functioning by monoclonal antibody to 
a region of the external domain, results in early onset of amnesia for the 
task. Chicks trained on the task under these conditions learn the 
avoidance response, but retain it for only approximately 30min. Thus 
APP or one of its fragments appears to be a necessary factor in the 
biochemical cascade involved in the transition between short and 
longer term memory Most interestingly, RERMS (APP 328-332) a small 
peptide fragment derived from the growth-promoting region of the 
external domain of APP, when injected intracerebrally just before or 
just after training on the task, prevents the antisense or antibody-induced 
amnesia. Asa control for the behavioural effect of RERMS, we reversed 
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the peptide sequence, but to our surprise SMRER was as effective in 
relieving the memory block. A different control peptide, RSAER, was 
however, without effect Both the forward and reverse sequences contain 
the tripeptide palindrome RER. • We have therefore investigated the 
ability of this tripeptide to relieve memory block in related paradigms 
in the chick. This sequence is present in both avian and mammalian 
APP; indeed chick APP is 95% homologous to human APP, with the 
beta-amyloid sequence being 100% homologous (Coulson ef al, 2000). 

The training task can be used in two variants; in the first, strong training, 
the bead is coated with the bitter tasting methylanathranilate (MeA) and 
memory persists for at Ieast48 h; in the second, weak training, the bead is 
eoa|ed with a 10% solution of MeA and memory is retained for only 6- 
8 h. Here we present evidence that RER protects against the amnestic 
effects of Ap, and acts as a cognitive enhancer in the weak training task. 
Furthermore, a protected form of the peptide, injected peripherally, can 
enter the brain and mimic the effects of intracerebrally injected RER. 
We suggest that these findings point the way towards a novel therapeutic 
approach to treating memory loss in Alzheimer's disease. 

Materials and methods 
Animals and training 

Commercially obtained Ross Chunky eggs were incubated and 
hatched in our own brooders and held until 16±6h old. Chicks were 
then placed in pairs in small aluminium pens, pre-trained and trained 
essentially as described by USssner & Rose. 1983). Following the last 
pre-training trial chicks were injected, where appropriate, as described 
below, before being trained by a 10 s presentation of a 4 mm diameter 
chrome bead that had been dipped in the 1 00% (strong training) or 1 0% 
(weak training) methylanthranilate (MeA). Chicks peck such a bead 
once, show a disgust response, and, if they remember the task, avoid 
similar but dry beads subsequently. At various times following train- 
ing, chicks were tested by offering them a dry 4 mm diameter chrome 
bead followed 10 min later by a white bead, each for 20 s. Chicks were 
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considered to remember the task if they avoided the chrome bead at test 
hut pecked at the white bead (discrimination), and to have forgotten if 
they pecked at both beads. Only chicks that pecked at the bitter bead on 
training and the white bead at test were included in the final results. 
Amongst the chicks that met criterion (>80%), recall was calculated as 
a per cent avoidance score (i.e. percentage of chicks in each group that 
avoided the chrome bead on test). Each chick was trained and tested 
only once and differences between groups were tested for statistical 
significance by the g-test (Sokal & Rohlf, 1981). 

Peptide injections - . .i V 

Bilateral intracranial injections of AP 12-28 (2 u.g in 2 u.L; Bachem) 
that retain the toxic effects of Api-42, RER (0.1-I0u,g in 2u.L, 
Cambridge Research Chemicals), RERMS and APP 319-335 
(AKERLEAKHRERMSQVM) (Bachem), AcRER (0.1-8 u.g in 
2 u.L) and biotinylated RER (Cambridge Research Chemicals) or 
saline controls were made using a 5 u.L Hamilton syringe fitted with 
a plastic sleeve to allow a penetration of 3 mm. Chicks were injected 
at different time-points, pre- or post-training, into the left and right 
intermediate medial hyperstriatum ventrale (IMHV), a region known 
to be crucial in the early stages of memory formation for the task 
(reviewed in Rose, 2000). After completion of tbe : injection, the 
needle was kept in place for 5 s. Correct placement was ensured by 
using a custom-built head holder (Davis et al., 1979), and was 
routinely visually monitored postmortem. These injections are rapid 
(<20s per bird), do not require anaesthetic and cause no observable 
physiological or behavioural distress to the chicks (Home Office 
Mild classification). Chicks were tested at different time points post- 
training by an experimenter blind as to which treatment each chick 
had received. 

Membrane preparation 

Chick forebrain was rapidly removed after decapitation and gently 
homogenized in 0.32 M sucrose (10% w/v) containing 4mM Hepes 
pH7.3, 5mM MgCI 2 and a cocktail of protease inhibitors (Calbio- 
chem). The homogenaic was centrifuged at 800 xg for lOmin. 
Supernatant was centrifuged at 9200 xg for 15 min and the soluble 
fraction was further centrifuged at 130000 x g for l h.-The resulting 
membrane fraction was resuspended in sucrose solution and the 
protein concentration determined by the Bradford assay (Bradford, 
1976). 

Immunocytochemistry 
Detection of biotinylated RER 

Cell identity. Sections were probed for APP, NeuN and GFAP using 
the Vector® MOM™ fluorescein immunodetection kit (Vector Labo- 
ratories). The ami- APP was identified with Texas Rtfd conjugated anti- 
mouse IgG, anti-GFAP and anti-NeuN with Fluorescein- Avidin DCS 
(AMCA conjugated anti-rabbit IgG). Cell numbers 5 were 1 ^counted 
following 4'-6'-diamidino-2-phenylindol (DAPI) staining. 

Following the final wash all sections were preserved using a 
fluorescent antifade mountanl (Dako) and examined on an Olympus 
BX61 microscope equipped with AnalySIS imaging software. 

Cellular. Chicks were decapitated lOmin after biotinylated RER 
injection, forebrains removed and frozen slowly in prc-copled iso- 
pentane. Frozen 10p.m cryostat sections were collected at -18°C. air 
dried at room temperature and stored at -20 "C until processed. After 
equilibrating to room temperature sections were fixed with cold 4% 
paraformaldehyde in Tris-buffered saline (TBS) pH7.5, washed once 
with TBS and Biolin blocked (Avidin/Biotin Blocking Kit-Vector 



Laboratories). Following blocking, sections were washed with TBS 
and the injected BRER located with Texas Red conjugated 
Streptavidin (Vector Laboratories). 

Subcellular. Chick membrane proteins (50u.g) were separated by 
SDS-PAGE under reducing conditions on a 10% polyacrylamide 
gel (Laemmli, 1970) and transferred to nitrocellulose (Bumette, 
1981). Blots were routinely checked by post-transfer staining with 
Ponceau S. The nitrocellulose was pre-incubated with blocking buffer 
[Tris-buffered saline pH7.5, 0.05% Tween 20 (TBST) containing 5% 
nonrfat dry skim milk powder] for 2 h at room temperature followed by 
incubation at 4°C with biotinylated RER. The blot was washed with 
TBST; and then incubated overnight at 4"C with a streptavidin con- 
jugated horseradish peroxidase (Sigma) diluted 1 :1000. Following 
washes with TBST the immunorcactive bands were detected using 
enhanced chemiluminescence reagents (NEN). 

Results 

RERMS ameliorates Ap induced amnesia: RER is the 
effective sequence 

Previously, we have shown that the RERMS sequence is responsible \ 
for preventing the amnesia induced 'by down-regulation of APP 
expression (Mileusnic et al, 2000). We therefore determined whether 
this synthetic pentapeplide might alsb have a potential protective effect 
against the memory deficit induced by Ap. Amyloid-beta 12-28, 
injected into the IMHV bilaterally at a dose of 2 (tg/hemispbere, 
30. min prior to training, resulted in amnesia for the task in 
chicks tested 24 h subsequently. As Fig. 1 shows, administration of 
1 u.g/hemisphere of RERMS lOmin after AP injection prevented the 



1Q0 




RERMS RER Ar/Glu 

Fio. 1. Both RERMS and RER abolish Ap-induced amnesia. Controls (100% 
MeA, strong training, ST) were injected with 2|iL of sterile saline 45 and 
30 min prior to training; Ap (2 ng/hernisphere in 2 p.L of sterile saline) was 
injected 45 min prior to training, followed by either RERMS, RER or free amino 
acid Pug/hemisphere in 2jiL; Arg/Glu ratio 2:1) injection 15 min later. 
Chicks (n = 1 8-2 1 ) were tested 24 h post-training. The j-lest revealed a major 
effect of RERMS (g = 6 J I ; P < 0.025) and RER ts » 6.54; P < 0.025) on Ap- 
induced amnesia. No effect on retention was observed wilh free amino acids. 
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RER conctntnuion 



100% and 10% MeA were injected with stente (2 uUhemisphere). RE RMS or RER (2 lie in 2 aUhemisDherel inieeted either 2(1 mi« kXr, /a » „ in ■ 
^nm S (B) showed^ enhancing effect on 24*..es, T^tcst for resu.ts reHtedto injec^TSpSnint SSW^S" 
? „ . J™ < O-OZS-Thex-wt for results related <o injecnons ; at 20 min post-training: RE RMS, g = 9.826, P < 0.005; RER. s =24.42. P < fo.00 " N^herpepOdtif 
injected 30 mm or 5.5 h posi-tnurung showed any retention effect (data not shown). Insert a shows memory retention at various times ^Trin ^ M^ ^* 
ether on 100% or 10% MeA. Insert b shows effect of tree amino acids on retention of weak training. T^L^mV^^mSS ^SaS 
(rauo 2 : 1) were without effeci. Insert c shows dose-response curve for RER enhancement of retention of weak training : (0.2 at P =7 ■ 1 " * 

2u,g. g=2J.65. ?<0.001). ST. strong training paradigm (100% MeA); WT, weak training paradigm (10% MeA). 



= ns, 1 M-E. S=7.64, /><0.01; 



memory deficit caused by A0. However, if the injection is delayed to 
5.5 h post-training, there is no subsequent amnesia (data not shown). 

We previously reported (Mileusnic etai, 2000) that RERMS, and its 
reverse sequence SMRER, rescued memory lost bydown-regulating 
APP, whereas another control sequence, RSAER, was without beha- 
vioural effect. Both RERMS and SMRER contain t the palindromic 
RER sequence. Therefore, we tested the ability of this tripeptide to 
rescue Ap induced amnesia. As Fig. 1 shows, the RER sequence is 
fully capable of the rescue whereas neither the control sequence RRE, 
nor an equivalent dose of the individual amino acids were effective. 

RERMS and RER enhance retention in the weak training 
paradigm 

In the weak training paradigm, memory is normally retained for only 
6-8 h (Fig. 2, insert a). As Fig. 2 shows, if injected either before 
(Fig.2A), or up to 20 min post-training (Fig. 2B),} both RERMS and' 



RER enhance 24 h memory retention in this task, to the level found in 
strong training. Fig. 2 insert b shows thai free amino acids glutamine 
and arginine exert no effect on retention in this task and insert c shows 
the dose-response curve for RER. 

Acylated RER is also effective 

For an agent to have potential therapeutic utility in protecting against 
AP toxicity and problems of memory retention, it must be capable of 
delivery peripherally rather than centrally. We considered that the 
unprotected tripeptide was likely to be rapidly degraded; therefore, we 
protected it by acylating the N-terminal. Injected into the JMHV up to 
30 min pre-training, AcRER, like RER, was effective in both relieving 
the beta-amyloid block of memory for strong training and in enhancing 
retention in the weak training, although maximal effect was achieved 
only at 8 u-g/hemj sphere (Fig.3A). When injected intraperitoneally 
one hour pre-training at a dose of 22-24 mg/kg body weight, AcRER 
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both alleviated the beta-amyloid induced amnesia for strong training, 
and enhanced retention in the weak training task (Fig. 3B). 

Localization and specificity of RER binding 

APP is thought to exert its effect by binding to putative membrane 
receptors) invol vedin trophic/tropic activity. To determine wheiherRER 
could substitute for or replace APP by binding to neuronal membranes. 



we injected biotinylated RER inio the IMHV. Figure4Ashows the injec- 
tion site, Fig. 4B shows the perinuclear distribution of RER. The binding 
specificity was tested in displacement studies. The RER injection was 
followed by either 17mer (Fig. 4Q or AP injection (Fig. 4D). The 1 7mer 
containing the RER sequence displaced RER while Ap failed to do so. 

To verify that Ap does not displace the RER binding we confirmed 
these observations by direct counting of cell binding. Independent 



100 i 





Fig. 3. AcRER, like RER, is effective in both relieving the beii-amyJoid block 
of memory for strong training and in enhancing retention in weak training; (A) 
Intracranial injections of AcRER. AP (2 ng/hemisphere) was injected into the 
IMHV 45 min pre-training followed by intracranial injection of AcRER (8 p.g in 
2 fiL) 1 5 min later (left hand columns). In the weak training paradigm (n => 1 7- 
20), AcRER was injected into the IMHV (8 u,g >n 2 pX) 30 min prior to training 
(right hand columns). Controls were injected with the same amount of saline and 
AeRRE. The g-lest revealed a pronounced effect of AcRER in both paradigms 
(Ap vs. AP + AcRER, g = 9.42, P < 0.005; Ap + Ac-RRE vs. AP + AcRER 
g=7.26, P<0.0\; 10% McA + AcRER g=9.6. P< 0.005; 10%MeA + 
AcRRE vs. 10% MeA + AcRER g = 8.6, P < 0.005. AcRRE was without effect. 
(B) Intraperitoneal injections of AcRER. AP (2 jig/hemisphere) was injected 
into the IMHV 45 min pre-trnining followed by an intraperitoneal injection of 
AcRER (2.2mg/100g body weight) 15 min later (left hand columns). In the 
weak training paradigm (n= 18-22) AcRER (2.2mg/100g body weight) was 
injected 30 min prior to training (right hand columns). Controls were injected 
with the same amount of saline (i.e.) and AcRRE (i.p.). The g-lest revealed a 
pronounced behavioural effect of AcRER in both paradigms; AcRRE was 
without effect (Ap vs. Ap + AcRER, g = 14.08, F<0.001. AP + AcRRE vs. 
AP + AcRER s =9.92, P < 0.005; 10% MeA + AcRER g = 29.37, P < 0.001; 
!0%MeA + AcRRE vs. 10% MeA + AcRER, g = 14.08. P <0.001 ; ST; strong 
training paradigm (100% MeA); WT, weak training paradigm (10% MeA). 
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Fio.4. Biotinylated RER (b-RER) binds to neuronal membranes. (A) Chicks 
were injected intracerebrally with either with b-RER (control) or with Ap or 
I7mer APP-rclnied peptide (AKERLEAKHJ?E/fMSQVM) followed by sub- 
sequent injection of biotinylated RER. All three groups (b-RER, Ap + b-RER, 
and 17mer + b-RER) were killed lOmin later and the brains processed for ICC. 
Place of injection was routinely checked by loluidine blue (panel A). Cell 
identity was determined by NeuN (green) and localization of b-RER by 
streplavidin (red). Panels B, C and D show overlap of NcuN and streptavidin 
for control (panel B) and two displacement groups (panel C and D). 
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b-KER b : RER b-RER 
+ + 
Ap 17mer 

Fio.5. RER binding analysis. Differential analysis of pepL'de-poiitive vs. 
peptide negative cells showed Out >S0% of all cells bind RER and confirmed 
f~\ that the RER binding is displaced by a 17 mer (P < 0.001 ) but not by A3. Cell 
' _J couming(n= 12-14scctions)wa5perforrnedbythreeejtperirnentersblindasto 
which treatment each group had received. The insert shows a blot of the cell 
membrane proteins, lmmunoreaclive biotinylatcd RER (b-RER) bands were 
determined by streptavidin conjugated horseradish peroxidase and enhanced 
chemiluminescence reagents. 

sections (n= 12-14) each containing some 15-20 cells were analysed 
blind by three independent experimenters (Fig. 5). We .observed RER 
displacement only in the brain sections from the chicks treated with the 
1 7mer (Figs 4C and 5). In addition, to attempt to.determipe llie binding 
sites for RER, we incubated membrane fractions with biotinylated 
RER. As the insen in Kg. 5 shows, RER binds to two proteins running 
at approximately 66 and 1 lOkOa, respectively. 

Discussion 

Over the past 10 years there has been a remarkable convergence of 
evidence pointing to the role of the amyloid precursor protein in the 
restructuring of synaptic connectivity. APP modulates' a variety of 
responses in neurons, including stimulation of neurite outgrowth 
(Mattson et al, 1993a, 1993b; Storey et til.. 1996), promotion of 
— \ synaptogenesis (Mucke et al, 1 994; Roch et al., 1994), modulation of 
\J synaptic plasticity (Doyle et al., 1990; Huber et at., 1993, 1997; Roch 
et al., 1994; Ishida etal., 1997; Teather etal., 2002), suppression of the 
Ca 2+ response to glutamate and protection of neurons against exci- 
totoxic damage (Mattson, 1994; Goodman & Mattson,' 1994; Good- 
man & Mattson, 1996). Therefore, it has become important to assess 
the putative role of APP in memory formation itself. That it is a 
necessary component of the sequence leading to longer term memory 
in the chick has been shown by our previous experiments (Mileusnic, 
2000). In support of this finding, Solomonia et al. (2003) have reported 
that APP gene expression and the amount of APP protein in the IMHV 
are directly related to the strength of retention of an imprinting 
response in the chick (Solomonia et al., 2003). 
• We have previously shown that the lime course of onset of amnesia 
that occurs as a result of blocking the N-terminal external domain of 
APP or down-regulating APP synthesis, within 'the first, 30 post- 
training minutes, suggests its engagement in the first phase of the 
biochemical cascade leading to long-term memory. , This phase 
engages enhanced glutamate release, up-regulation of NMDA recep- 
tors, phosphorylation of membrane siles and an increase in calcium 
flux (Rose, 2000). Granted the presumed role for adhesion molecules 



in transmembrane signalling, this suggests that the normal functioning 
of APP is required in one or more of these processes. Impaired APP 
function might thus disrupt the intracellular signal transduction cas- 
cade involved in the processes required to initiate the gene activation 
associated with long-term memory formation. 

The chick system is ideally suited to explore these issues, as the 
learning task is precise and sharply timed, permitting one to be sure 
that any observed effect of an injected substance is specific to retention 
and not to either acquisition or concomitant processes such as visual 
acuity, arousal or motor activity (Rose, 2000). Furthermore, the cascade 
leading to synaptic modulation has been well mapped, so that the 
effects of APP-related peptides capable of either blocking or attempt- 
ing to rescue functional APP activity can be set into an established 
context. Relevant to the present findings is the fact that training chicks 
on the strong version of the passive avoidance task initiates two waves 
of protein synthesis, the first, within the first hour following training, 
involving enhanced expression of immediate early genes such as c r fos, 
and' the second, 4-6h post-training, involving structural proteins 
including cell adhesion molecules. Weak training is ineffective at 
producing this second wave (reviewed in Rose, 2000). 

Here, we report that peptides containing the specific palindromic 
amino acid sequence RER found in the growth promoting region of 
APP (Saitoh et al, 1989; Schubert et al, 1989; Ninomiya et al, 1993; 
Jin etal, 1994; Li et al, 1997; Yamamoto et al, 1994), when injected 
intracranially, are effective not only in ameliorating the amnestic effect 
of A^ but also enhance memory formation in the weak training 
paradigm, if given at a time relevant to the first but not the second 
wave of protein synthesis. Thus these peptides function as cognitive 
enhancers in this system. We also have preliminary data suggesting 
thatiin mouse hippocampal slices AcRER can rescue long-term 
, potentiation from Ap blockade, indicating that the peptide's effects 
are not species-specific to the chick (Milner et al, 2003). The 
behavioural effects of the peptide in learning tasks in rodents are 
currently under investigation. The observed effect of RER provides 
evidence that this sequence acts as a core domain of the growth 
promoting region of APP. In addition, the present study indicates that 
acylaung RER does not destroy its behavioural effect, and, more 
importantly, enables it to be injected intraperitoneally (although at 
a t higher dose, because of its distribution to other body tissues) 
implying that the acy lated peptide crosses at least the partially formed 
blood brain barrier of the young chick with ease. 

The question remains of how RER exerts its enhancing effect. As 
Figs 4 and 5 show, biotinylated RER binds to surface receptors on 
neuronal membranes in the chick. As the binding is displaced by 
longer peptides derived from APP's external domain, but not by the AP 
peptide, the logical interpretation is that RER competes with sAPP for 
a pytative receptor. We have also found, in as yet unpublished data that 
biotinylated RER binds similarly to cell membrane proteins isolated 
from human hippocampal tissue. Our previous study (Mileusnic et al, 
2000) shows that APP, or more probably sAPP is essential for longer 
term memory formation." RER thus appears able to substitute forsAPP. 
The weak training protocol, which does not generate the second 
downstream wave of synthesis of cell adhesion molecules (Rose, 
2000), is also presumably too weak to activate the sAPP effect, and 
RER by substituting for sAPP mimics its effect, hence enabling long- 
term memory to be formed and acting as a cognitive enhancer. The 
protection against the amnestic effects of AP may also result from 
RER's ability to initiate receptor-mediated processes. This interpreta- 
tion is strengthened by theevidence, presented in Fig. 5 that RER binds 
to ss 66 and 1 lOkDa neuronal cell membrane proteins. This suggests 
that the peptide is likely topromote receptor-mediated events, which in 
turn may either suppress neurotoxic mechanisms potentially injurious 
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to the cell and/or activate the cascade of second messengers triggering 
the gene expression underlying both memory formation and the ability 
of APP to protect neurons against neurotoxic damage. We are currently 
exploring these possibilities. 

In conclusion, the results presented here suggest that: (i}RER acts as 
a cognitive enhancer and protects against AJJ induced .imnesia; (ii) 
RER exerts its effect by binding specifically to 66 and 1 10 kDa proteins 
on the neuronal cell membrane and is displaceable by APP peptides 
and (iii) an acylated form of RER is effective when administered 
peripherally. 

It remains important to determine the identity of the RER binding 
proteins and the specific second messenger systems activated and the 
genes controlled by RER that may be central to understanding its 
effects both in memory enhancement and neuroprotection. However, 
the immediate implication of our findings is that it is possible to 
introduce a behaviourally effective form of RER peripherally by N- 
lerminal acylation. hence protecting the peptide against rapid degrada- 
tion, and that RER may present a novel therapeutic route towards 
memory protection in the early stages of Alzheimer's disease.' 
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Abstract: The amyloid precursor protein (APP) has been shown lo be 
implicated in age-associated plastic changes at synapses that might contribute 
to memory loss in Alzheimer's disease. As APP has previously been reported to 
have multiple functions during normal development, and as human and avian 
APP share 95% homology in amino acid sequence, we have employed a one- 
trial passive avoidance task in day-old chicks to study its role in the process of 
mempry formation. Administration of anti-APP antibodies, raised against 
human APP, APP-antisense, and Afi during pre-training, prevented memory 
formation without effects on general behavior or initial acquisition. Amnesia is 
apparent by 30 min post-training and lasts for at least 24 hours. Injection of 
APP-dcrivcd peptides RE RMS (APPj^g.^ and RER (APP 32W30 ) 
homologous to the short stretches of amino acids in the Kang sequence (APP 
319-33s)» rescue the memory in animals rendered amnestic by previous (anti- 
APP antibody, antisense, and Afi pretreatroents. The protected form of RER, 
with a prolonged half-life (acetylated RER), proved to be effective when 
injected intracranially and peripherally. The tripeptide RER exerts its 
biological activity by binding to two neuronal plasma membrane proteins (60 
and HO kDa). The results obtained in this study suggest that RER alleviates 
memory deficits via receptor-mediated events, and that short APP-derived 
peptides might represent a novel group of therapeutically active molecules for 
the alleviation of memory deficits in age-related dementias. 

Keywords: RERj neuroprotection; peptides; amnesia; memory rescue; APP; 
Alzheimer's disease; chick 



INTRODUCTION 

The fact that people now live substantially longer than they did 100 years ago has 
led to an increase in age-related dementias, such as Alzheimer's disease, a neurode- 
generative condition thauffecis about 10% of people between ages 65 and 85 and 
about 40% of people over the age of 85. 1 As memory defines who we are and shapes 
the way we act more than any other single aspect of our personhood, this problem 
has naturally lead to intensive research aimed at better understanding of the brain 
changes related to various memory difficulties of old age. 
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Although global cognitive decline is not a hallmark of the brain ageing process, 
the ageing brain undergoes regionally specific biochemical, molecular, cellular, 
structural, and functional changes. 2-4 The neuroanatomical "units" of these changes, 
the synaptic connections, that are important for memory formation, are readily mod- 
ifiable across age. They can be strengthened or weakened and are capable of struc- 
tural changes. However, these structural changes are more readily achieved in the 
early than in the late years of life 3-5 and the decline in plasticity with age or with the 
disease had a profound effect on our cognitive functions and on all aspects of our 
intellectual life. ■ ' 

Synaptic modulation as a consequence of experience, or more specifically, learn- 
ing and memory formation, is dependent on protein synthesis. Many different pro- 
tein classes are involved, including ion channels, receptors for neurotransmitters, 
enzymes involved in neurotransmitter metabolism and cell adhesion molecules 
(CAMs), a family of glycoproteins whose functions include maintaining intracellu- 
lar conformation as well as transmembrane signalling and might therefore be expect- 
ed to be involved in any changes to the structure or geometry of synaptic or dendritic 
membranes. In the past 25 years there has been a remarkable convergence of evi- 
dence pointing to activity-driven changes in the synthesis of CAMs and a key role 
for the CAMs in the process of memory formation. 6 

The biochemical cascade required for the activation of protein synthesis that will 
ultimately lead to the remodelling that occurs during memory formation begins with 
synaptic transients, second messenger release, and activation of inducible transcrip- 
tion factors (TTF or immediate early genes [EEC-]). All these events eventually cul- 
minate in de novo protein synthesis and insertion of a variety of proteins, and 
especially glycoproteins, into pre- and post-synaptic membranes. Cell adhesion or 
cell recognition molecules constitute a major group amongst the glycoproteins. 6 - 7 
They are expressed both pre- and post-synaptically and are involved in the process 
that allows information about synaptic activity to be simultaneously communicated 
to both sides of the synapse. 

Amongst the CAMs and related glycoproteins, the amyloid precursor protein 
(APP) is of particular interest. APP is a synaptic transmembrane glycoprotein that 
exists in eight isoforms generated through alternative splicing. Its biological 
functions in neurons have been extensively investigated. It is abundant in neurons 
and glia and in neurons is localized in the post-synaptic density (PSD). It has a 
tightly regulated differential expression during development and ageing at both 
tissue and cellular level and highly complex processing. APP is involved in diverse 
processes such as neuroprotection, neurotoxicity, and regulation of transcription. 8- 
J0 Its different domains are functionally distinct. Cell adhesion and neurite 
outgrowth require its N-terminal domain whilst signal transduction and regulation of 
gene expression depend on its C-terminal domain and neurotoxicity on its amyloid 
beta (Ap) domain. 5 The APP gene has three alternatively spliced exons: exon 7, a 
Kunitz protease inhibitor domain; exon 8, related to an OX-2 sequence; and exon J 5, 
related to neuroprotection. Neurons predominantly express APP that does not con- 
tain exons 7 and 8 but retain exon 15. The most abundant neuronal isoform, in its 
full-length resembles a glycosylated cell-surface receptor, is 695 amino acids long. 
APP is localized to membranous structures in the cell, including endoplasmic retic- 
ulum, Golgi bodies, and pre- and post-synaptic regions. It is extensively processed 
posttranslationaJly by both glycosylation and specific proteolytic cleavage by a, P, 
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and 7 secretases. 8-10 Although the neuronal isoform resembles an orphan receptor, 
unlike most receptors, it is sensitive to proteolytic cleavage by secretases. Two main 
proteolytic cleavage sites on the extracellular side of APP, a and P, seem to be mu- 
tually exclusive and lead to the release of either secretory APPa (sAPPa) or secre- 
tory Ajppp (sAPPP). The remaining fragment of APP, the C-terminal fragment, 
depending on the cleavage pattern, generates smaller fragments such as A [J and var- 
ious short C-terminal fragments. If the C-terminal fragment is processed by y-secre- 
tase, it could generate the predominant AP M0 fragment as well as Ap M2 , or AP,. 
39 and Ap^ together- with the remaining C-terminal tail. Aggregated forms of Ap" 
as well as its small diffusible oligomeric assemblies are amongst the main toxic spe- 
cies in Alzheimer's disease. 10 

Numerous studies have suggested that APP and in particular sAPP, plays a role 
in memory formation. APP knockout mice show impaired behavioral perfor- 
mance. 1 1-13 Anti-APP antibodies differentially impair behavior and memory in rats 
and chicks. 14 " 16 AP and structurally mimetic non-peptidic substances produce am- 
nesia for active avoidance following footshock in mice 17 as well as a decrease of K + - 
evoked acetylcholine release from hippocampus, 18 - 19 and impair retention in the Y- 
maze, passive avoidance, and place-learning in the water-maze. 15 In contrast to the 
effects of Ap, the secreted form of APP (sAPP) when administered intracerebroven- 
tricularly, shows potent memory-enhancing effects; for example it prevents the 
learning deficits induced by scopolamine in an object recognition task and improves 
spatial recognition memory. 20 - 21 Most of the evidence that APP is implicated in 
memory consolidation is based on the effects of intracerebral or intraventricular in- 
jections of exogenous APP, its proteolytic fragments, or antibodies and antisense oli- 
godeoxynucleotides. However, analysis of different gene expression during 
imprinting, a form of early learning in chicks, showed that the level of the APP gene 
expression is related to the strength of memory retention. 22 

In order to understand the changes in the structure and function of APP during 
memory formation and processes that lead to the development of Alzheimer's 
disease, it becomes critical to identify the physiological role of different APP 
domains in the molecular cascade underlying memory formation. Efforts to establish 
the mechanism of the physiological activity of APP resulted in the identification of 
the small stretch of amino acids containing the RERMS sequence C-terminal to the 
KPI insertion site of sAPP-695 as the active domain responsible for growth promo- 
lion and neurite extension, 23-25 neuronal survival, 26 and for sAPP's ability to inter- 
fere with AP's deleterious; effects on neurons. 27 A synthetic peptide homologous to 
the RERMS sequence, ApP 328-332, is the shortest active peptide shown to exhibit 
trophic activity through cell-surface binding and induction of inositol polyphosphate 
accumulation. 24 Such observations make a study of the role of APP in learning and 
memory formation both of considerable intrinsic scientific interest and of relevance 
to developing a better understanding of and perhaps therapeutic approaches to the 
treatment of AD. 

The focus of our own group's work has been on the cellular and molecular mech- 
anisms of memory formation, using the young chick as a model. Early learning in 
the chick has proved a particularly fertile system in which to study these processes. 
The protocol we have primarily used is a one-trial passive avoidance learning task, 
based on the disposition of young chicks to peck spontaneously at small objects and 
to remember their characteristics for long periods. This model has all the experimen- 
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tal advantages of one-trial learning paradigms and since its first description by Cher- 
kin in 1969 it has been widely used for the biochemical and pharmacological study 
of the molecular events involved in memory formation. 

A combination of interventive and correlative studies has revealed a cascade of 
molecular processes occurring in defined brain regions, notably the left intermediate 
medial mesopallium (IMMP) (formerly called 1MHV) and medial striatum (MS) 
(formerly called LPO). Briefly, within minutes of pecking at the bitter bead, there is: 
(1) enhanced glutamate release, (2) upregulation of NMDA-sensitive glutamate re- 
ceptors, and (3) the opening of N-type conotoxin-sensitive calcium channels. These 
synaptic transients result in the activation of protein kinases and expression of EEGs 
such as c-fos and c-jun and subsequently, the family of late genes coding for glyco- 
proteins which, inserted into the pre- and post-synaptic membranes, alter synaptic 
structure and connectivity. 6,7 All these processes occur in the left IMMP; later events 
and recall of learned experience engage the MS. 

Our work on such synaptic transmembrane glycoproteins as LI and NCAM 28,29 
showed that they are recruited into this cascade at different points in time post- 
training and are susceptible to blockade, resulting in amnesia only at the time at 
which they are recruited. This conclusion was based on two different but comple- 
mentary methods: (1) an antibody approach, by which we were able to interfere with 
the expression of function by blocking the extracellular domain of the protein in 
question, and (2) an antisense approach, by which we were able to downregulate 
gene expression, hence to test the significance of de novo protein synthesis. This and 
related data on the effects of application of protein synthesis inhibitors on memory 
retention led us to propose that there were two waves of protein synthesis occurring 
following a learning experience, the first within an hour of the experience and in- 
volving the synthesis of proteins expressed by IEGs, and the second, some 4-6 h lat- 
er, involving structural proteins such as the CAMs. Both are necessary for 
consolidation of long-term memory. 

These observations, and our recognition of the relationship between APP and the 
CAM family, turned our attention to the potential role of APP in this cascade. The 
aim of our research has been to answer two questions: (1) What is the time-window 
in which APP is necessary for memory formation? and (2) Is it possible to alleviate 
memory loss caused by faulty processing of APP? 



MATERIALS AND METHODS 

Animals and Training 

Commercially obtained Ross Chunky eggs were incubated and hatched in our 
own brooders and held until 16 ±6 hours old. Chicks were then placed in pairs in 
small aluminium pens, pretrained and trained. 30 Following the last pretraining trial 
chicks were injected, where appropriate, as described below, before being trained 
with a 1 0-sec presentation of a 4-mm-diameter chrome bead that had been dipped in 
100% methylanthranilate (MeA). Chicks peck such a bead once, show a disgust re- 
sponse, and, if they remember the task, avoid similar but dry beads subsequently. At 
various times following training chicks were tested, by offering them a dry 4-mm- 
diameter chrome bead followed lOmin later by a white bead, each for 20 sec. Chicks 
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were considered to remember the task if they avoided the chrome bead at test but 
pecked at the white bead (discrimination), and to have forgotten if they pecked at 
both beads. Only chicks that pecked at the bitter bead on training and the white bead 
at test were included in the final results. Amongst the chicks which met criterion 
(>80%), recall was calculated as a percent avoidance score (i.e., percentage of chicks 
in each group which avoided the chrome bead on test). Each chick was trained and 
tested only once and differences between groups (15-20 animals/group) were tested 
for statistical significance by g-test. 31 

Peptide, Antibodies, and Oligodeoxynucleotides Injections 

Bilateral intracranial injections of saline, ami-APP ( 1-5 u,g in 2 \iL; mAb22C 1 1 ; 
Boehringer-Mannheim), ApM-42 (2 u.g in 2 u.L; Bachem), RER (0.1-10 p.g in 2 pX, 
Cambridge Research Chemicals), RERMS, APP3 19-335 (Bachem), AcRER (0.1- 
8 jig in 2 pJL), and biotinylated RER (Cambridge Research Chemicals) or varying 
amounts of scrambled (SC) or antisense (AS), (0.6-1.0 ng) 16-mer end-protected 
phosphodiester otigbdeoxynucleotide, 5'-CXC GAG GAC TGA XCC A-3', 
designed to correspond to the transcription start sites-146 and AUG1786 of the APP 
mRNA, immediately upstream of a ribozyme binding site (Kings College, Molecular 
Medicine Unit, London, U.K.) was made using a 5-u.L Hamilton syringe fitted with 
a plastic sleeve to allow a penetration of 3 mm. Chicks were injected at different 
time-points pre- or post-training into the left and right IMM. 7 After completion of 
the injection, the needle was kept in place for 5 sec. Correct placement was ensured 
by using a custom-built head holder" and was routinely visually monitored post- 
mortem. These injections are rapid (<20 sec per bird), do not require anesthetic and 
cause no observable physiological or behavioral distress to the chicks (UK Home 
Office Mild classification). Chicks were tested at different time points post-training 
by an experimenter blind as to which treatment each chick bad received. 

Membrane Preparation 

Chick and mouse forebrains were rapidly removed after decapitation. The dis- 
sected brains, or the human brain tissue were gently homogenized in 0.32 M sucrose 
(10% w/vol) containing TmM HEPES pH 7.3; 5 mM MgCl 2 , and a cocktail of pro- 
tease inhibitors (LaRoche). The membrane preparation was done according to the 
protocol of Feng and colleagues. 33 Briefly, the homogenate was centrifuged at 
800 x g for 10 min. The supernatant was than centrifuged at 9,000 x g for IS min 
and the soluble fraction further centrifuged at 130,000 x g for 1 hour. The resulting 
membrane fraction was resuspended in sucrose solution and the protein concentra- 
tion determined by Bradford assay. 34 

Immunochemistry 

Biotinylated RER Localization 

Cellular localization. After decapitation, forebrains were removed and frozen 
slowly in pre-cooled isopentane. Frozen 1 0-u.m cryostat sections were collected at - 
18°C, air dried at room temperature, and stored at -20°C until processed. After 
equilibrating to room temperature, sections of chick brain were fixed with cold 4% 
paraformaldehyde in Tris-buffered saline (TBS) pH 7.5. Chick brain and human hip- 
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pocampal sections were washed once with TBS and biotin blocked (Avidin/Biotin 
Blocking Kit, Vector Labs). Following blocking, sections were washed with TBS 
and the injected biotinylated RER (bRER) was located with Texas Red conjugated 
Streptavidin (Vector Labs). 

Subcellular localization — Western blotting. Chick, mouse, and human membrane 
proteins (50 fig) were separated by SDS-PAGE under reducing conditions on a 10% 
polyacrylamide gel 35 and transferred to nitrocellulose. 36 Blots were routinely 
checked by post-transfer staining with Ponceau S. The nitrocellulose was preincu- 
bated with blocking buffer (Tris-buffered saline pH 7.5, 0.05% Tween 20 [TBST] 
containing 5% non fat dry skim milk powder) for 2 h at room temperature followed 
by incubation at 4°C with biotinylated RER (bRER). The blot was washed with 
TBST, and then incubated overnight at 4°C with anti-biotin conjugated horseradish 
peroxidase (Sigma) diluted 1:500. Following washes with TBST the 
immunoreactive bands were detected using enhanced chemiluminescence reagent 
duolux (Vector Labs). 

Celt Identity 

Sections were equilibrated, fixed, and blocked as described, than probed for APP, 
NeuN, and GFAP using the Vector® MOM™ fluorescein immunodetection kit (Vec- 
tor Labs). Anti-APP was identified with Texas Red conjugated anti-mouse IgG and 
anti-NeuN with Fluorescein Avidin DCS. AMCA conjugated anti-rabbit IgG was 
used to identify anti-GFAP. Following the final wash all sections were preserved us- 
ing a fluorescent antifade mountant (Dako) and examined on an Olympus BX61 mi- 
croscope equipped with AnalySIS imaging software. 

APP Detection 

Membrane proteins were separated by SDS-PAGE and transferred to nitrocellu- 
lose as previously described. Following blocking, anti-APP was diluted in blocking 
buffer (5 (5 ug/mL), the' blot was incubated overnight at 4°C, washed with TBS, and 
than incubated with peroxidase conjugated anti-mouse IgG. Following washing in 
TBS, the immunoreactive bands were detected using DAB. 



RESULTS 

Effect ofmAb22Cl I on Learning and Memory for the Passive Avoidance Task 

Anti-APP antibody mAb22Cl 1, raised against the N-terminal domain of human 
APP, when injected into the IMMP recognizes a 120 kDa band in synaptic plasma 
membrane (Fig. la) localized to the neuropil (Fig. lb). Cell-specific markers indi- 
cated that anti-APP labels neuronal cells (Fig. 1, c and d). There was no visible flu- 
orescence of astrocytes (Fig. le). The residence time of antibody was examined at 
10 (Fig. 10 or 60 min (Fig. lg) or 6 h following injection (data not shown). At the 
earliest time fluorescence appears around the injection site and trails down to the 
ventricles; by 60 min it isjeduced, but still visible concentrated around the ventricles 
and by 6 h has vanished. 16 The disappearance of fluorescence, which may be due to 
internalization of the antibody, suggest that its biologically effective time of action 
is relatively short. The short residence time of the anti-APP antibody allowed us to 
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FIGURE 1. Effect of mAb22C 11 on memory in the chick brain. (A) Detection of APP: 
(a) Western blot of synaptic plasma membrane proteins (50 u,g of SPM) isolated from one- 
day-old chick brain) and probed with mAb22Cl 1 . (b) Cellular distribution of PAPP and co- 
localization APP (c, anti-APP; d, NeuN; e, GFAP), (f) 10 min and (g) 60 min after injection. 
Animals were decapitated, brain tissue was frozen, and immunocytochernistry was carried 
out on 15 (im coronal sections. Sections were examined with a Leica DMR microscope. (B) 
Behavior: Chicks were trained and tested as described in Materials and Methods. Chicks 
pretrained for 30 min were injected bilaterally either with saline or 1 ng/hemi sphere of 
mAb22Cll, and tested for retention 30 min post-training (16-20 chicks/group). Injections 
of 1 and 5 ug/hemisphere of anti-PAPP 30 min prciraining resulted in amnesia when 
analysed by g-test (1 u.g/hemisphere, g = 5.175, P < 0.025; 5 ug/hemisphere, g = 9.124, 
P< 0.005). 



test the time window in which APP is required for memory formation relative to the 
lime of training (Fio. l)..{ r .: 

The anti-APP antibody, when injected 30-min pre-training, induced significant 
amnesia in the group of animals tested 30 min later. Amnesia persisted for at least 
the subsequent 24 hours. The anti APP-antibody binds to the N-terminal domain of 
APP and by doing so most probably prevents its adhesion functions, and consequent- 
ly synaptic remodelling. However, amnesia was not apparent if the antibody was in- 
jected 5.5 h after training. The time window during which disruption of function of 
APP results in amnesia is different from the time-windows of amnestic action ob- 
served with other antibodies used in our previous studies, such as anli-NCAM and 
anti-Ll antibodies. 28,29 

Effects ofAPPAntisense on APP Expression, Learning, and Memory for the Passive 
Avoidance Task 

The narrow time window relative to the lime of training in which anti-APP anti- 
body was amnestic indicated that the APP is functionally important in the early 
phase of memory formation. To determine whether the APP expression is needed 
continually, at all times during the process of memory formation, we compromised 
its gene expression by use of antisense oligodeoxynucleotides (AS ODNs) as we had 
done previously with NCAM. 37 
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, 1 * , 0 cl>,cks (12-16 h old.; 16-20 group) were injected intracranially with either 

saline or 0 6 0.8 ugfi! uL/hemisphere of ODNs 6 h and 30 min before training Reten ion 
was tested 30 mm and 5.5 b after training. Retention scores between groups we e analy ^ 
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The AS ODNs (0.6-1 hemisphere) were injected intracerebraJly at 6 h or 
30 min pre-trainmg and chicks were tested at different times post-training. Injection 
at 6 h pre-tnurung was aimed to suppress APP synthesis during the erst wave of 
protein synthesis while the injection at 30 min pre-training was aimed at the second 
wave of proteins synthes.s.^Thus, in both groups the AS ODNs was present for 6 
h before training. Controls were treated with scrambled (SC) ODNs or saline and 
trained and tested as the AS ODNs-treated groups 

Figure 2 shows that if AS ODNs was injected 6 h before the training, amnesia 
was evident by 30 mm post-training and lasted for at least the subsequent 24 hours 
In contrast, injections of AS ODNs 30 min before the training had no effect on mem- 
ory consolidation and produced no amnesia. The efficacy of ODNs on APP exDres- 
Sl Z W Zlf^. d WiUl raAb22Cn in brain actions taken around the injection site 
in the MM. This result not only supports our previous finding obtained by use of 
anti-APP antibody but strengthens the idea that APP exerts its function during a de- 
fined time-window immediately after learning. 

Effect of Administration ofRERMS Peptide on Anti-APP and AS-Treated Animals 

We next determined whether the synthetic RERMS pentapeptide might have a 
protective effect against the memory deficit induced by anti-APP antibody or by 
aniisense- The reverse-sequence peptide (SMRER) and ihe scrambled- 
sequencc peptide with a single amino acid substitution (RSAER) were used as 
appropriate controls (data not shown). Administration of 2 fig/hemisphere of 
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FIGURE 3. Effect of APP-328-332 peptides on memory rescue. Chicks (16-20/group) 
were injected intracranially with saline, anii-APP antibody (30 rain pre-training), or ODNs 
(6 h pre-training). Control groups injected with saline, or SC ODNs received a second in- 
jection of saline 30 min prertraining, while experimental groups pretreated with anti-APP or 
AS ODNs were re-injected; with RERMS (2 ^g/2ui/hemisphere) 30 rain pre-training (16- 
20 chicks/group). Effect or* memory retention was tested 30 min after training. Retention 
scores between groups were compared by g-test. (A) ami-APP+RERMS treated animals 
g = 6.06, P < 0.025; (B) AS+RERMS treated animals, g = 8.75, P < 0.005). 



RERMS prevented the memory deficit caused by mAb 22C11 antibody (Fig. 3 A) 
and APP antisense (Fig. 3B) when the peptide was injected 30 min pre-lraining. To 
our surprise, the reverse sequence, which as reported by Ninomiya and collaborators 
had no activity in the fibroblast growth and neurite extension assay, 23 also had a 
substantial effect on memory rescue. 16 By contrast, the pentapeptide RSAER had no 
effect. As a control, we tested the effect of the amino acids arginine (R) and glutamate 
(E) injected at concentrations equivalent to their presence in RER (2 u.g/hemisphere) 
30 min before training the chicks. They were without effect. 16 

RERMS ameliorates A$-Induced Amnesia: RER Is the Effective Sequence 

According to the amyloid hypothesis, 9 - 10 the faulty processing of APP and a 
change in the content of sAPP might be one of the factors that lead to the pathways 
of neurotoxicity. Therefore we tested whether the RERMS peptide might also have 
a potential protective effect against the memory deficit induced by Ap. AR, injected 
into the IMMP bilaterally at a dose of 2 ug/hemisphere. 45 min prior to training, re- 
sulted in amnesia for the task in chicks tested 24 h subsequently. As Figure 4 shows, 
administration of 1 fig/hemisphere of RERMS 10 min after AR injection prevented 
the memory deficit caused by A(J. As a control for the potential non-specific effect 
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FIGURE 4. Both RE RMS and RER abolish AP-induced amnesia. Chicks wer 
injected with 2 u.L of sterile saline or Ap (2 u.g / hemisphere in 2pJL of sterile saline) 45 mil 
prtor to training, followed by either RERMS, RER, or free amino acid (2 [ig/ hemisphere ii 
2 |iA; Arg/Glu ratio 2:1 ) injection 15 min later. Chicks were tested 24 h post-training G-tes 
revealed a major effect of RERMS (g = 6.51 ; P < 0.025) and RER (g = 6.54; P < 0 025) oi 
AP-induced amnesia. No effect on retention was observed with free amino acids. 
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FIGURE 5. Ac-RER, like RER. is effective in relieving the AB block of memory (A) 
Intracranial injections of AcRER: Ap (2 u.g /hemisphere) was injected into the IMM 45 min 
pretraining followed by intracranial injection of Ac-RER (8 jig in 2 fiL) 15 min later Con- 
trols were injected with the same amount of saline and AcRRE. G test revealed a pronounced 

-, 1 -?/ ^, CRER (AP VS - AP + AcRER ' S = 9 - 42 - P < 0 005; Ap + AcRRE vs. Ap + AcRER 
g = 7 26, P < 0 01) (B) Intraperitoneal injections of AcRER: Ap (2 Hg/hemisphere) was in- 
jected into the IMM 45 min pretraining followed by an intraperitoneal injection of Ac-RER 
(2 2 mg/100 g body weight) 15 min later. Controls were injected with the same amount of 
saline Ontracramally) and AcRRE (intraperitoneally). G test revealed a pronounced behav- 
ioral effect of AcRER (AP vs. AP + AcRER, g = 14.08. P < 0.001. AP + AcRRE vs. Ap + 
AcRER g = 9.92, P < 0.005). p 
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FIGURE 6. Biotinylated RER (b-RER) binds lo neuronal membranes. (A) Chicks 
were injected inlracerebrally with either b-RER (control) or with 17mer APP-related peptide 
(AKERLEAKHREEMSQVM) or AP followed by subsequent injection of biotinylated RER. 
All three groups (b-RER, 17mer+ b-RER, and AP + b-RER) were killed 10 min later and 
the brains processed for ICC. (B) Area 1 of human hippocampus stained with toluidine blue 
{left); circle represents the area studied in detail. (Right) Small area of hippocampus labeled 
with NeuN and bRER (IocpUzed by Streptavidin): (C) Higher magnification. * indicate 
membrane-bound RER. ' : ■ 
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of pentapeptides we used reverse and scrambled RERMS sequence in control 
peptides. 16 As with the protection against the effect of the antibody, only the peptide 
in which the palindromic sequence RER was absent lost its potential for memory 
rescue. 38 Therefore, we next tested the ability of the RER tripeptide to rescue Ap- 
induced amnesia. As Figure 4 shows, the RER sequence is fully capable of the res- 
cue whereas neither the control sequence RRE or an equivalent dose of the individ- 
ual amino acids were effective. 

A cylated RER Is A Iso Effective 

For an agent to have potential therapeutic effectiveness in problems of memory 
retention, it must be capable of delivery peripherally rather than centrally. As the un- 
protected tripeptide is likely to be rapidly degraded, we protected it by acylating its 
N-terminal. Injected into the IMMP up to 30 min pretraining, Ac-RER, like RER, 
was effective in relieving the AP-induced amnesia, although maximal effect was 
achieved at higher dose (8 ng/hemisphere) (Fig. 5A). When injected intraperitoneal- 
ly 1 h pretraining at a doseof 22-24 mg/kg body weight, the same result was ob- 
tained: Ac-RER alleviated the AP-induced amnesia (Fig. 5B) 

To determine whether there is a target molecule for the RER in humans, we incu- 
bated human hippocampal slices with biotinylated RER. The cell identity was estab- 
lished by co-labeling tissue with NeuN and GEAR As Figure 6 shows, the RER 
binding was pronounced to the dentate gyrus granule cell layer and the pattern of 
binding (Fig. 6, B and C) resembles the pattern observed in chick neurons (Fio. 6A). 

To identify the RER binding target, we incubated membrane fractions isolated 
from chick and human brains with biotinylated RER. The avian and human brain 
show very high similarity in the RER binding pattern. RER binds to two proteins in 
both chick and human brain, running at approximately 60-61 kDa (doublet) and 1 10 
kDa, respectively (Fig. 7). In contrast, the mouse brain seems to have more binding 
partners for this tripeptide than do chicks and humans. The 1 10 kDa protein band in 
chicks, humans, and mice appears to be co-labeled with the anti-APP antibody, while 
the 60-61 kDa protein(s) remains to be identified. 



n DISCUSSION 

APP modulates a variety of responses in neurons, including stimulation of neurite 
outgrowth, 8 ' 40,41 promotion of synaptogenesis 40,41 modulation of synaptic 
plasticity 42-44 suppression of the Car* response to glutamate and protection of 
neurons against excitotoxic damage. 44 Secretory APP (sAPP), which is released by 
proteolytic cleavage with a-secretase, rescues learning deficits induced by 
scopolamine and enhances LTP in hippocampal slices. 20,43 

Although APP has a homeostatic role in the modulation of neuronal activity and 
is essential for normal brain function, 8 " 10 faulty processing results in the enhanced 
release of ApY^ and increased accumulation of amyloid plaques, characteristic of 
Alzheimer's disease. Therefore, it has become important to assess the putative role 
of APP in memory formation itself. 

The chick system is a good one to explore these issues, because the learning task 
is precise and sharply timed, and permits one also to be sure that any observed effect 
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FIGURE 7. Biotinylated RER (b-RER) binds to neuronal membrane proteins. Chick, 
human, and mouse brain proteins were separated by SDS-PAGE and transferred to nitrocel- 
lulose. Imraunoreactive biotinylated RER (b-RER) bands were located and visualized with 
antibiotin conjugated horseradish peroxidase and enhanced chemiluminescence reagents. 



of an injected substance is specific to retention and not either to acquisition or to 
concomitant processes (such as visual acuity, arousal, or motor activity). Further the 
role of other cell adhesion molecules in the cascade leading to synaptic modulation 
has been well mapped, so that the effects of either blocking or attempting to rescue 
functional APP activity can be set into an established context. 

Chick SPM contains a protein that cross-reacts with the anti-APP antibody, 
mouse monoclonal antibody raised against human APP. The localization of this pro- 
tein, as revealed by the irtmunocytochemical labelling, is to neuropil (Fio. 1). Inter- 
estingly, the antibody residence lime is cpmparable with the residence times found 
for instance for antibodies to NCAM, 28 and contrasts with the much briefer time we 
have found for antibodies to ApoE. 45 The residence lime for the anti-APP corre- 
sponds to the relatively rapid turnover time for membrane-bound APP. 39 



BNSDCCID: <XP 23841S5A_I_> 



162 



ANNALS NEW YORK ACADEMY OF SCIENCES 



Anti-APP antibody, did not affect behavior during pretraining or interfere with 
the chicks pecking and learning the avoidance task. It did result in amnesia in birds 
tested 30 min later (Fig. 1). The time of onset of-amnesia within 30 min suggests that 
the amnesia caused by ariti-APP antibody administration occurs during early phase 
of synaptic remodeling, which requires either the N-terminal domain of APP for the 
cell-to-cell and/or cell-to-matrix interaction, or a putative signal transduction func- 
tion, which may be part of the cascade of synaptic transients required to initiate 
memory formation. Whether there is some form of receptor-mediated APP-induced 
signal transduction has not been fully established. 

To test whether APP is required at an early phase or continually during consoli- 
dation we decreased its expression by use of antisense (AS ODNs). Immunocy- 
tochemistry (Fig. 2) confirmed that the antisense did indeed decrease APP 
expression and affected memory formation. The time-window of onset of amnesia 
relative to time of injections of ODNs and to time of training confirmed our previous 
finding that APP is required during an early phase of memory formation 

APP is a multifunctional protein involved in neuronal growth, survival, and 
differentiation. The distinct differences in the concentration dependence for these 
three different activities obtained in in vitro studies suggested that different 
molecular mechanisms may be involved in the three APP functions. 26 Saitoh and 
collaborators mapped the growth-promoting activity of APP to a domain of the five- 
amino-acid sequence— APP 328 .33 2 . Moreover, they showed that peptides containing 
the APP 328 .3 32 (RERMS) sequence bind to membrane sites on the cell surface. As 
shown in Figure 3 this sequence is also active in rescuing the memory lost following 
antisense treatment. Pretraining injection of 2 ug/hemisphere of the RERMS pre- 
vented the memory loss The experiments aimed at testing the sequence specificity 
of the 5-mer peptide have shown that: (1) the pentapepudes containing the palindro- 
mic sequence RER can rescue memory loss induced by downregulation of APP ex- 
pression and (2) that they are active during a discrete time window around the time 
of training. These results suggest that the mdst probable mechanism of APP 3 , 8 . 332 
action might be on intracellular signal transduction through interaction withcell- 
surface receptors. 

The prominent feature of this pentapeptide is not in the order of amino acids but 
in the fact that it contains the palindromic sequence. The RER tripeptide, when 
injected around the time of training, showed the same capacity as the RERMS to 
rescue memory in animals pretreated with Ap 1 (Fic. 4.) This sequence thus seems to 
act as a core domain of the growth-promoting region of APP and appears able to sub- 
stitute for sAPP. Protection of RER by acetylation does not destroy its behavioral ef- 
fect. More importantly, it enables it to be injected intraperitoneally implying that the 
acylated peptide crosses the partially formed blood-brain barrier of the youns chick 
(Fig. 5). , 5 

The question remains of how RER exerts its effect. As Figure 6 shows, 
biotinylated RER binds to its target molecule/s, possibly to putative APP receptors! 
on neuronal membranes. As the binding is displaced by longer peptides derived from 
APP's external domain, but not by the A(3 peptide, it is highly likely that RER com- 
petes with sAPP for a putative receptor. We have also found that biotinylated RER 
binds similarly to human hippocampal neuronal membranes. This finding did not 
come as a surprise since human APP shares 95% homology in amino acid sequence 
with avian APP. 46 To validate this finding we studied the RER binding for the 
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membrane proteins isolated from chick and human brain. As Figure 7 shows, the 
biotinylated RER binds to two plasma membrane proteins (60 and -1 10 kDa), one 
of them (110-120 kDa) cross-reacting with the mAb22Cll antibody, the 60 kDa 
protein is yet to be identified. The finding that RER has only two binding partners 
supports our hypothesis that the RER tripeptide is likely to promote receptor- 
mediated events, which in turn may either suppress neurotoxic mechanisms 
potentially injurious to the cell and/or activate the cascade of second messengers 
triggering the gene expression underlying both memory formation and the ability of 
APP to protect neurons against neurotoxic damage. 

However, it remains important to determine the identity of the 60 kDa RER bind- 
ing protein, the signal transduction pathways activated by RER binding and the 
genes controlled by RER. These cellular events may be central to understanding of 
how RER functions both in memory rescue and neuroprotection. 

In conclusion, our findings show that functional studies of a multidomain and 
multifunctional protein (such as APP) can offer valuable information which, in turn, 
could point out to a new family of molecules involved in neurodegenerative disor- 
ders. The immediate implication of our findings is that RER may present a novel ther- 
apeutic route towards memory protection in the early stages of Alzheimer's disease. 
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Abstract , The young chick is a powerful model system in which to study die 

; ; biochemical and morphological processes underlying memory 
formation. Training chicks on a one trial passive avoidance task 
results in a molecular cascade in a specific brain region, the 
intermediate medial hyperstriatum ventrale. This cascade is 
initiated by glutamate release and engages a series of synaptic 
: transients including increased calcium flux, up-regulation of 
NMDA-glutamate receptors, membrane protein phosphorylations, 
add the retrograde messenger NO. Expression of immediate early 
genes c-fos and c-Jun precedes the synthesis, glycosylating and 
redistribution, >4 hr downstream, of a number of synaptic 
membrane proteins, notably NCAM and LI. Other membrane 
proteins required In the early phase of memory formation include 
the amyloid precursor protein (APP) and apolipoprotein E. There 
are concomitant increases in dendritic spine number and changes 
in synaptic structure. Nonsynaptic factors, including 
fi, corticosterone and BDNF, can modulate retention of the avoidance 
response, enhancing the salience of otherwise weakly retained 
memory. These results are discussed in relation to general 
concepts of memory formation and the spatio-temporal 
distribution of the putative memory trace. 

The distinguished biochemist Hans Krebs once remarked that God had 
provided just the right organism with which to study any particular 
biological problem. The purpose of this review is to argue that the young 
domestic chick, rates high among God's organisms for the study of the 
molecular and cellular mechanisms of memory formation. Chicks are 
precocial birds and need actively to explore and learn about their 
environment from the moment they hatch. Therefore, they learn very 
rapidly to identify their mother on the basis of visual, olfactory, and 
auditory cues (imprinting) to distinguish edible from inedible or 
distasteful food, and to navigate complex routes. Training paradigms that 
exploit these species-specific tasks work with the grain of the animal's 
biology and because such learning is a significant event in the young 
chick's life, the experiences involved may be expected to result in readily 
measurable brain changes. Chicks have large and well-developed brains 
and soft unossified skulls, making localized cerebral injections of drugs 
easy without the use of implanted cannulae or anaesthesia. The virtual 
lack of any blood-brain barrier in these young animals also ensures rapid 
entry into the brain of peripherally injected agents. Against these 
advantages must'be weighed the relatively limited knowledge of the 
intimate neuroanatomy of the avian brain (see CsiUag 1999), a degree of 
genetic heterogeneity, and the complication resulting from the fact that in 
such young animals task-induced changes in cerebral biochemistry, 
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electrophysiology, or morphology are superimposed on rapidly 
developing neural systems (Andrew 1991; Rogers 1995). 



The study of both the phenomenology and the neurobiology of learning 
and memory in avian species has a long and distinguished history. Pigeons 
vied with rats as the favorite laboratory animals for behaviorists studying 
conditioning, but more "natural" forms of learning have proved 
fascinating. Marler, Konishi and Notttebohm pioneered the behavioral and 
neurobiological analysis of song learning in song sparrows, canaries, and 
zebra finches (Nottebohm 1970, 198O; Konishi 1989; Marler 1991), 
tracing neural pathways, and identifying issues of lateralization, and 
hormonal and related effects that have found their parallels in work with 
the chick. Krebs, Sherry, and their colleagues explored the role of the 
hippocampus in food-storing birds such as marsh tits and chickadees 
(Krebs et al. 1989). More recently some of this work has begun to move 
to the biochemical and molecular level that I focus on here in the context 
of the chick. The prospect of using the young chick for the study of 
cellular and molecular memory mechanisms emerged in the 1960s. Bateson 
and his colleagues opted for the study of visual imprinting (for review, 
see Horn 1985). Imprinting, as a form of early learning in some avian ' 
species, had been known folklorically for many years (Bateson 1966), but 
was drawn to scientific attention by the work of Lorenz (e.g., Lorenz 
1935), although his interpretations of the phenomenon were not received 
uncritically. The stu^ly of the neurobiology of imprinting has continued in 
Horn's and other labs (Johnston and Rogers 1998; McCabe and Nicol 1999). 
Scheich, Braun, and their colleagues explored auditor)' imprinting (Scheich 
1987; Braun et al. 1999). In these models, chicks are exposed for up to 2 
hr to visual or auditor)' cues that come to represent "mother" (flashing 
light, stuffed hen, tone). They will subsequently approach the familiar 
object when offered a choice between it and an unfamiliar stimulus. 

Cherkin (1969) developed a one-trial passive avoidance learning task 
based on the young chick's tendency to peck at small bright objects such 
as beads, which is. discussed in more detail below. In an appetitive visual 
discrimination task, the chick learns to distinguish food crumbs scattered 
on the floor of its pen from rather similar pebbles or beads glued to the 
surface (Andrew arid Rogers 1972; Tiunova et al. 1998). Isolated chicks 
will quickly learn a; simple maze to rejoin their hatchmates (Gilbert et al. 
1989; Regolin ancikbse 1999). Barber tt al. (1989, 1999) have employed 
a sickness-aversion "protocol in which chicks, having pecked a neutral 
object (a dry colored bead) and subsequently been made sick by 
intraperitoneal injection of lithium chloride, will later avoid the bead. 
Social learning, in which one chick observes and learns from the 
experience of a second is another important paradigm, bypassing as it 
does direct physiological or pharmacological manipulation of the learner 
(Johnston et al. 1999a). Bradley and colleagues (1999) have explored 
forms of LTP in the cliick forebrain that correlate with the training 
protocols described below. This review, however, is largely confined to 
the data from thfe : passive avoidance' nibdel. 

The passive avoidance task has the merits of being rapid and sharply 
timed (chicks peck a bead within 10 sec) and as many as 60 chicks can 
be trained in a single session. In the standard version of the task in our 
lab, day-old chicks are held in pairs in small pens, pretrained by being 
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offered a small dry white bead, and those that peck trained with a larger 
(4-mm diameter) chrome or colored bead coated with the distasteful 
methylanthranilate (MeA) (Lossner and Rose 1983). Chicks that peck such 
a bead show a disgust reaction (backing away, shaking their heads, and 
wiping their bills) and will avoid a similar but dry bead for at least 48 hr 
, subsequently. They continue to discriminate, however, as shown by 
: pecking at control beads of other colours. Chicks trained on the bitter 
bead are matched with controls that have pecked at a water-coated or dry 
bead, and that peck the dry bead on test. Generally -80% of chicks in any 
hatch group can be successfully trained and tested on this protocol. Each 
chick is usually trained and tested only once. These protocols, coupled 
with close observation of the chicks, enables one to distinguish the 
general effects of the training experience with its accompanying visual, 
motor, and gustatory engagements from the cellular processes involved 
necessarily and specifically in memory formation for the task (e.g., Rose 
and Harding 1984). This distinction is reflected in the data presented 
below. Other labs (for review, see Andrew 1991) slightly vary the 
protocols in ways that may affect the temporal sequence of post-training 
behavioral and molecular processes (Bume and Rose 1997). Nonetheless, 
where data are comparable, there is broad consensus concerning both the 
behavioral and biochemical sequelae of training among the several chick 
laboratories. 

Both correlative and interventive strategies are possible. In the 
correlative approach, appropriate brain regions can be dissected from 
trained and control birds at specific post-training times and tissue 
processed for biochemical, immunocytochemical, autoradiographic, or 
microscopic analysis. It is also possible to prepare tissue slices (prisms) or 
synaptoneurosomes from the chicks, enabling calcium and 
neurotransmitter fluxes to be determined. Braun's group (Gruss and Braun 
19 ; 96; Daisley et al. 1998) has developed a microdialysis system enabling 
such fluxes to oe measured in vivo during both training and testing. In 
the interventive approach, all the birds are trained on MeA, and injected 
either before or after training with drug, antibody or antisense, or vehicle, 
to explore the possible enhancing or amnestic effect of the agent. Chicks 
that peck the previously distasteful bead on test are considered to be 
amnesic for the training. As this pecking response requires a positive and 
accurate act by the bird, it also controls for effects of the agent on 
attentional, visual, and motor processes. 

The sharply timed nature of the learning experience, togedier with a 
combination of these experimental strategies, has enabled us to identify a 
biochemical cascade associated with memory consolidation in the minutes 
to hours following training. Therefore, a change in some biochemical 
marker at a specific post-training time, occurring in trained chicks 
compared with control chicks, might imply its direct engagement in 
memory expression at that time. Alternatively it could indicate the 
mobilization of that marker as part of a sequence leading to the synthesis 
of a molecule, or cellular reorganization, required for expression of 
memory. A similar argument applies to the timing of the onset of amnesia 
following intracerebral drug injection. 



2-Deoxyglucose studies revealed that two regions of the chick forebrain 
show enhanced metabolic activity in the 40 min following training 
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(Kossut and Rose 1984). These are the intermediate medial hyperstriatum 
ventrale (IMHV), an association "cortical" area previously implicated in 
visual imprinting (Horn 1985), and the lobus parolfactorius, a basal 
ganglia homolog (Csillag 1999). The chick brain is strongly lateralized 
(Andrew 1999; Rogers and Deng 1999) and many, though not all of the 
molecular events that we have observed are confined to the left IMHV. It 
is this cascade, primarily as identified by my lab, which forms the focus of 
the present review, although diis means that it is not possible to do full 
justice to the work of the La Trobe group of Ng and his colleagues, 
which parallels my own most closely (for reviews, see Gibbs and Ng 
1977; Ng and Gibbs 1991; Gibbs et al. 1991; and other references in this 
text). The combination of correlative and interventive methods has 
enabled an approximate temporal sequence to be traced. Table 1 shows 
the effects of injecting specific interventive agents just before or just 
following training and the time of onset of amnesia consequent on that 
injection. The cartoon of Figure 1 interprets these and die correlative and 
enhancement data discussed below in terms of a temporal sequence of 
molecular events in the IMHV following the bead peck. 



Table 1 : Time of onset of amnesia for the passive avoidance task 
following injection of blocking agents just before or after training 



Agent 3 


Process blocked 


Onset of amnesia 
(min) 


1. 


Muscimol 


CABA agonist 


10-15 


2. 


Nitroarginine 


NO synthesis 


1 5-30 


3. 


TFP:W13;A3 


Ca 2+ /CAM kinase/B50? 


15-30 




W9;HA1004 




4. 


fl-Conotoxin 


N-type Ca 2+ channels 


15-30 




GVIA 




5. 


D-galactose b 


glycosylation 


30-40 


6. 


Anti-L1 b 


signal transduction 


30-40 


7. 


H7; HA156; ■■ 


PKA, PKC, PKC; B50 


60 




H8; H9; ML9 


neurograhin 




c-fos antisense 


phosphorylation 




8. 


c-fos expression 


60 


9. 


cx-APP antisense 


B-APP expression 


60 


10. 


Anisomycin b 


protein synthesis 


60 


11. 


NDCA 


arachidonic acid synthesis 


75 


12. 


AP5, MK801 


NMDA 


90 


13. 


Dantrolene 


intracellular Ca 2+ stores 


60-1 80 


14. 


RU38486 


glucocorticoid receptors 


60-1 80 


15. 


anti-BDNF 


BDNF 


60-1 80 



References: (1) Clements and Bourne (1996); (2) Holscher and Rose (1993)- (3) 
Serrano et al. (1 994); (4) Clements et al. (1 995); (5) Crowe et al. (1 994); (6) Scholey 
f,™ ( , 1 " S>; (7) Serrano et al - (1 994); (8) M 'leusnic et al. (1 996); (9) Mileusnic et al. 
(1 999); (1 0) Freeman and Rose (1 995); (1 1 ) Holscher and Rose (1 994); (1 2) Rickard 
et a . (1994); (13) Salinska et al. (1999); (14) Sandi and Rose (1994b); (15) Johnston 
et al. (1999a,b). 

b Anisomycin is also amnestic if injected 4 hr post-training; anti-Li and 2-D-gal if 
injected at 5.5 hr post-training. Agents only effective during the second wave dis- 
cussed in the text are not listed here. 
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Figure 1 : Pre/post synaptic parallel processing in memory formation for passive 
avoidance. 



The First Hour 



During training, and in the 5 min that follow, there is enhanced release of 
glutamate in the IMHV, detected both by microdialysis in vivo (Daisley et 
al. 1998), and in tissue slices (Daisley and Rose 1994). Over the same time 
period there is also an increase in potassium-stimulated calcium 
concentration in synaptoneurosomes isolated from the IMHV (Salinska et 
al. 1999). Within the succeeding 40 min, although we cannot assign them 
a precise temporal dependency, we have found increases in (1) 
NMDA-stimulated calcium flux in synaptoneurosomes (Salinska et al. 
1999); in ligand binding to the NMDA-glutamate receptor (Stewart et al. 
1992; Steele et al. 1995) and (3) phosphorylation of the presynaptic 
membrane protein B50 (aka GAP43) (Ali et al. 1988), coupled with a 
translocation of cytosolic Protein kinase C (PKC) to the membrane 
(Burchuladze et al. 1990). There is increased release of the putative 
retrograde messenger arachidonic acid, in tissue prisms prepared 30-75 
min post-training, though the onset time for amnesia if the arachidonic 
acid synthesis is blocked with phospholipase A 2 inhibitors is delayed until 
75 min (Clements and Rose 1996; Holscher and Rose 1994). Interventive 
studies with MK801 (Burchuladze and Rose 1992), the N-type calcium 
channel blocker fl-conotoxin GV1A (Clements et al. 1995), and PKC 
inhibitors such as mellitin and H7 (Burchuladze et al. 1990), injected into 
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the IMHV either just before or just after training, all produce amnesia 
with an onset time of 30 min to 1 hr. GABA A agonists are also amnestic at 
this time (Clements and Bourne 1996), so too is nitroarginine, wliich 
blocks synthesis of the putative retrograde messenger NO (Holscher and 
Rose 1993; Rickard et al. 1998). Other laboratories have found an 
involvement of a variety of protein kinases, notably protein kinase A 
(PKA), over this period (Serrano' et al. 1994). 

Most of these processes have been observed in other learning 
paradigms in mammals and are also reminiscent of the sequence identified 
in die induction phase of NMDA-dependent long-term potentiation (LTP) 
(Izquierdo and Medina 1997). An exception is our failure to observe any 
effect on retention of blocking postsynaptic L-type calcium channels with 
nimodipine. The N-type calcium channels blocked by conotoxin are 
generally assumed to be presynaptic in mammals, although this needs to 
be confirmed in the chick. The merits of die brevity of the training 
experience in die chick and the fairly sharply timed onset of amnesia 
following various pharmacological interventions, however, do make it 
possible to propose a more precise sequence for the various steps in the 
cascade than is otherwise feasible. As indicated in Figure 1, the 
observations also cast some light on the long-running discussion of pre- 
versus postsynaptic events in the initiation of LTP (Bliss and Collingridge 
1993). Thus, NMDA up-regulation is temporally downstream of the initial 
in vivo increases in glutamate release and in vitro increases in 
potassium-stimulated calcium flux. These early events, together with the 
changes in phosphorylation of the presynaptic B50/GAP 43, and, if taken 
at face value, die conotoxin data, all point to presynaptic engagement. 
The amnesia resulting from blocking nitric oxide NO synthase with 
nitroarginine, which sets in by 30 min, implies two-way signaling between 
post- and pre-synaptic sides, and that this continued traffic is necessary if 
both are to undergo reconstruction during the later stages of memory 
formation. 

It dierefore would appear that the training experience generates a 
sequence of rapid .synaptic transients that provide a temporary "hold" for 
the memory— the pfiases categorized as short and intermediate term 
memory by Gibbs aiid Ng (1977; see also Patterson et al. 1988). As well 
as forming the brain substrate of the remembered avoidance over this 
period, these transients must serve two other functions. They must 
initiate the sequence of pre- and post-synaptic intracellular processes that 
will in due course result in the lasting synapdc changes presumed to 
underlie long-term memory, and they must also serve to "tag" relevant 
active synapses, perhaps via B50 and other membrane phosphorylations 
so as to indicate those synapses later to be more lastingly modified. 



A key step in the intracellular cascade must be the link between synapse 
and nucleus. Calcium is clearly a major player here, and diat intracellular 
calcium signaling may be important is indicated by our recent observation 
that widiin 10 min post-training diere is also a mobilisation of 
synaptoneurosomal ryanodine-sensitive calcium stores (BJ. Salinska, R.C. 
Bourne and S.P.R. Rose in prep.), whereas dantrolene, which blocks 
calcium release from these stores, injected 30 min pre- or 30 min 
post-training, produces amnesia by 3 hr post-training. Synaptoneurosomes 
are largely presynapdc, diough they contain resealed postsynapdc 
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(dendritic) elements as well, so it is not possible to distinguish whether 
the mobilized calcium stores are located at one, the other, or both sides 
of the cleft. 

That activation of a number of transcription factors must be among the 
next steps in the process is clear from the elucidation of a role for CREB 
in several mammalian learning paradigms. However, we have focused on 
the role of immediate early genes, c-fos and c-jun. That visual stimulation 
alone is sufficient to activate fos orjun expression is well known, so it 
was not surprising that we found that passive avoidance training elicited 
such activation (Anokhin et al. 1991). To control for the specificity of the 
expression, we compared overtrained and undertrained chicks on the 
pebble floor task described above. Although both groups showed the 
pecking behavior, the learning, as opposed to the already trained group, 
showed a clear increase mjun expression (Anokhin and Rose 1991). 
Further evidence as to the necessity of fos expression for longer-term 
memory is provided by the observation that antisense to c-fos, given six 
or more hours pretraining, blocks its synthesis (Mileusnic et al. 1996) and 
chicks become amnesic within 3 hr of post-training. 

One of the few universal findings in studies of biochemical processes in 
memory formation is that long(er)-term memory is protein 
synthesis-dependent (Davies and Squire 1984). Passive avoidance training 
is no exception, and anisomycin injected into the IMHV either before or 
up to some 60 min post-training results in amnesia for the avoidance. If 
the anisomycin is injected before training, amnesia sets in by the end of 
the first post-training hour, leading to the suggestion that beyond this 
period memory is protein synthesis-independent (Gibbs and Ng 1977). 
However, the earlier view that beyond this time a protein synthesis- 
independent, long-term memory has been established is no longer tenable. 
Whereas anisomycin injections 2 and 3 hr post-training are without effect 
on memory, injections given 4 or 5 hr post-training are amnestic in 
animals tested at 24 hr (Freeman and Rose 1995) as earlier found for rats 
by Grecksch and Matthies (1980). Therefore there is a second, 
downstream wave of training-related protein synthesis that we interpret as 
being the period during which late genes are activated and structural 
proteins synthesized. This is not, however, the entire explanation; other 
processes are also mobilized during this later time period. Whereas 30 
min post-training NMDA but not AMPA receptors are engaged, 5.5 hr 
post-training AMPA but not NMDA receptors are upregulated, leading to 
an increase in AMPA-stimulated calcium flux in synaptoneuro'somes. 
CNQX given at this time is amnestic (Steele and Stewart 1995; Salinska et 
al. 1999). The relationship between these events and the protein 
synthetic wave is still not clear. 

Whereas much attention within the learning and memory community is 
currently directed toward the roles of the many transcription factors 
involved in the early phases of memory formation, we have focused on 
identifying the later gene products. There is considerable evidence for a 
role for synaptic membrane glycoproteins (Popov et al. 1981; for reviews 
see Matthies 1989; Rose 1995a,b). Among the membrane glycoproteins 
are a variety of receptors, and the family of cell- and matrix-adherence 
molecules. The bell-adhesion molecules (CAMs) are transmembrane 
molecules, whose glycosylated extracellular domains can bind either 
homophilically or heterophilically, providing a mechanism for associating 
pre- and postsynaptic membranes. Their potential role in synaptic 
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plasticity has long been emphasized by Edelman (1985) (see also 
Pollerberg et al. 1985; Goelet et al. 1986). Neural CAM (NCAM) in 
particular exists in a number of isoforms. In its immature form it is 
relatively highly sialylated, and less adherent. The mature form is 
desialylated, and more adherent. This has led to the suggestion, for which 
there is now good empirical evidence (Doyle et al. 1992a), that synaptic 
restructuring, either in the context ofgeneral development, or more 
specifically as a result of training experiences, requires first a sialylating, 
deadherence step, enabling synaptic mobility to occur, and subsequently 
desialylation and readherence. These are not the only roles proposed for 
the CAMs, however; they are also likely to be involved in transmembrane 
signaling. 

Fucose is a general glycoprotein precursor, and training chicks on MeA 
results in a long-lasting increased fucosylation of synaptic membrane 
glycoproteins. The use of the competitive inhibitor of galactose 
incorporation into glycoproteins, 2-deoxygalactose (2-D-gal), which 
prevents terminal fucosylation, was pioneered by Matthies and his 
colleagues. Injected into the LMHV either around the time of training, or 
6-8 hr later, 2-D-gal results in amnesia in chicks tested at 24 hr (Rose and 
Jork 1987; Scholey et al. 1993). Tills suggests a double wave of 
glycoprotein synthesis analogous to that already found with anisomycin 
and comparable with that observed by the Matthies group following a 
brightness discrimination task in rats. These time windows are displaced 
with respect to the effects of anisomycin, occurring before the 
anisomycin-induced amnesia at the first time point, and after it at the 
second (Freeman and Rose 1995; Crowe et al. 1994). We interpret this as 
indicating that during the first period 2-r>gal is blocking post-translational 
glycosylation of already synthesized proteins, whereas at the second time 
period it affects de novo glycoprotein synthesis. 

Among the glycoproteins whose synthesis is blocked by 2-D-gal are a 
number of CAMs. two in particular are required for longer-term 
memory— NCAM and neuron/glial CAM (NgCAM) (aka LI) (Scholey et al. 
1993, 1995). Both have also been shown to be required for maintenance 
of LTP (Luthi et al. 1994). NCAM levels also increase after visual 
imprinting (Solomonia et al. 1995). Training chicks on MeA results in a 
redistribution of NCAM within the synaptic junction, as detected by 
immunogold labeling (Skibo et al. 1993; Rusakov et al. 1994). Specific 
blocking of NCAM synthesis with antisense, injected over the 24 hr 
post-hatch period before the birds are trained, does not prevent the 
chicks learning the avoidance, but amnesia sets in within 3 hr (Mileusnic 
et al. 1999). Interference with the functioning of already synthesized CAM 
molecules, however, is also amnestic. Therefore, if antibodies that bind to 
the extracellular domains of either NCAM or LI are injected into the 
IMHV at 5-6 hr post-training, chicks show amnesia when tested at 24 hr 
(Scholey et al 1993; 1995), a time at which the antibodies themselves are 
no longer detectable in the brain. Antibodies to NCAM are not amnestic if 
injected at other times, but antibodies to LI, injected 30 min pre-training, 
are also amnestic when the chicks are tested at 24 hr. The extracellular ' 
domains of LI include fibronectin and immunoglobulin regions, and using 
recombinant fragments to these regions, we found that blocking the 
immunoglobulin domain at -30 min, but not at +5.5 hr, resulted in 
amnesia, whereas by contrast, blocking the fibronectin domain at +5.5 hr, 
but not at -30 min, was amnestic (Scholey et al 1995). This biochemical ' 



N I N G Kj&Si MEMORY 



THE CHICK ASA MODEL FOR MEMORY STUDIES 



version of a double dissociation experiment led us to postulate that it was 
the cell signaling function of LI, mediated via the immunoglobulin 
domain, which was engaged in the early phases of memory formation 
whereas the fibronectin domains of NCAM and LI were required in the 
cleadherence/readherence processes at the later time point It is ' 
presumably at this time, 5-8 hr downstream of the training event while 
their epitopes on the external domains are open to attack, that antibody 
binding can occur and therefore amnesia result. 

Somewhat to our surprise, we have recently found that antibodies to 
two other transmembrane proteins also produce amnesia if injected 30 
mm pre-training, but not at later times. These are the lipid trafficking 
protein apolipoprotein E (ApoE), and the cell-matrix adherent amyloid 
precursor protein, (APP) (Lancashire et al. 1998; R. Mileusnic C 
Lancashire, A.N.B. Johnston, and S.P.R. Rose unpubl.). These effects may 
not be mutually independent, as there is evidence for interaction between 
APP and ApoE (Huber et al. 1993; Lancashire et al. 1998) and both may 
be involved in the transmembrane signaling processes that we have 
argued are required in the early stages of memory formation. As both 
proteins are implicated in Alzheimer's disease, further elucidation of their 
mode of action in normal memory formation may provide clues as to the 
memory impairment characteristic of that condition. 

The .longer-term consequence of this cascade is therefore the modification 
of synaptic connectivity, detectable biochemically in terms of changes in 
the configuration and distribution of NCAM, among other synaptic 
markers. The presumed end point for memory storage is modulation of 
synaptic connectivity, by altering synaptic number, and/or relocating or 
structurally modifying existing synapses and dendritic spines Such 
changes have been observed in a variety of paradigms, from enriched and 
impoverished environments to LTP and memory formation (Chang and 
Greenough 1984; Bailey and Kandel 1993). Might the biochemical 
changes that we have observed in the chick IMHV following passive 
avojdance training also result in changes in synaptic morphology detected 
by quantitative microscopy? In a series of studies, Stewart and his 
colleagues (Rose and Stewart 1999) have been able to show changes in 
both pre- and postsynaptic elements. Thus, 24 hr post-training there is 
increased dendritic spine density in projection neurons of the IMHV (Patel 
et al. 1988), and at the same time changes in the numbers and dimensions 
of synaptic junctions, presynaptic boutons and synaptic vesicle number in 
both IMHV and lobus parolfactory. These findings must, however be 
contrasted with the observation by Wallahusen and Scheich (1987)'that 7 
days following acoustic imprinting, there is a sharp decrease in spine 
number in the relevant forebrain region (WaUhauser and Scheich 1987) 
These results might be reconciled if we envisage that after training there 
is an initial efflorescence of spines, followed by a subsequent pruning as 
argued, for instance, by Edelman (1985) (see also Purves 1988) The ' 
increases in synapse number at 24 hr found by Rose and Stewart (1999) 
are protein-synthesis dependent. There are also transient changes in 
number detectable with 1 hr post-training in the right IMHV, however 
which may be attributable to synapse splitting rather than de novo 
synapse production (for reviews of these morphological changes see 
Stewart and Rusakov 1995; Rose and Stewart 1999). 
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Factors Affecting the Having pecked a bead coated in MeA, chicks avoid a similar but dry bead 
Salience of Memory for at least 24 hr subsequently. If the aversant is made less strong, 

however, by, for instance, using a 10% solution of MeA in alcohol, the 
birds-peck and display a disgust reaction but will avoid similar beads for 
only 6-9 hr subsequently (Sandi and Rose 1994a; see also Burne and Rose 
1997). Although insofar as we have compared them, weak training 
initiates a similar set of synaptic transients to those produced in the 
strong version of the task, these are apparently not sufficient to result in 
gene expression, as glycoprotein synthesis does not occur. Our 
assumption is that the temporal relationship between the fading of the 
memory trace for the weak training beyond 6 hr and the wave of 
glycoprotein synthesis that occurs at this time with strong training is not 
fortuitous (Rose 1995b). A variety of factors can affect the salience of this 
"weak learning" experience, however, which result in memory being 
retained as for the strong learning. 

Chicks are normally held in their pens in pairs, as this diminishes stress. 
If they are trained on 10% MeA and then separated, stress levels increase 
and retention persists for 24 hr (Johnston and Rose 1998). The normal 
^ training procedure is stressful, as is shown by the fact that 5-10 min 

C J following training, in chicks on the strong but not the weak version of 

the ta sk. there is an uicrease in plasma corticosterone levels (Sandi and 
Rose 1997a). Furthermore, if corticosterone is injected into the IMHV just 
before or just after weak training, retention is also enhanced (Sandi and 
Rose 1994a). The enhancing effects of stress can be blocked by injection 
of antagonists of glucocorticoid receptors into the IMHV, which is rich in 
such receptors. Blockade of these receptors is also amnestic for strong 
training (Sandi antf Rose 1994b), as is inhibition of peripheral 
corticosterone synthesis with metyrapone or aminoglutethimide 
(Loscertales et al. 1997). Corticosterone has effects both at the membrane 
and genomicaUy, and it is relevant that we have shown that 
independently of training, injections of corticosterone into the IMHV will 
enhance glycoprotein synthesis 6 hr subsequently (Sandi et al. 1995; Sandi 
and Rose 1997b). As might be anticipated, the effects of corticosterone 
are dose-dependent in the classic inverted-U form. One microgram 
injected before weak training enhances retention, whereas higher doses 
do not; 1-5 ug injected before strong training diminishes retention (Sandi 
and Rose 1997a). 11 ". ; 

.,, Neurotrophins also affect the salience of weak training. Recombinant 

( J brain-derived neurotrophic factor (BDNF), but not NGF or NT-3, injected 

just before or just after weak training, will enhance 24-hr retention. 
Reciprocally, antibodies to BDNF are amnestic for strong 
training, amnesia setting in within 3 hr (Johnston et al. 1999b). How 
BDNF may exert its effect is not clear. There are suggestions that it may 
act as a retrograde messenger, that it generates an intracellular signaling 
cascade via TrkB receptors, and that, like corticosterone, it may interact 
with GABAergic systems (for review, see McKay et al. 1999). In this 
respect, the fact that just as GABA agonists are amnestic for strong 
training, antagonists enhance weak training (Clements and Bourne 1996), 
may be significant. 

These findings are of both theoretical and practical relevance. First, 
they remind us thalalthough— especially under the influence of the 
neurophysiologidai Observations of synaptic interactions during 
LTP— cellular theories of memory formation are heavily based on Hebbian 
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models, memory is not just a preVpostsynaptic event. Rather, whether 
any particular experience is learned or not depends on a much wider 
array of neural and peripheral factors, humoral, and perhaps also 
immunological (see McGaugh 1989; Damasio 1994). The entire animal is 
therefore involved in any learning experience. Second, together with the 
observations on ApoE and APP described in the previous section, they 
may point the way toward developing effective agents for therapeutic 
intervention in conditions of memory deficit. 



Memory Beyond the : This review has focused on the sequence of biochemical events occurring 
mHV m the chick IMHV consequent to passive avoidance training, and I have 

argued that the cascade we have identified, leading as it does to 
measurable morphological changes in synaptic connectivity, is a necessary 
part of memory consolidation. Does this, however, mean that the IMHV 
contains some lasting representation of the association between bead and 
bitter taste, the elusive engram? A combination of electrophysiological and 
: lesioning experiments that have been conducted in parallel with those 
2 * described here, but are outside the remit of this review, makes clear that 
j ; this is not simply the case (for review, see Rose 2000). Within the hours 
f following training, biochemical changes occur in other brain regions than 
the left IMHV, including the right IMHV and lobus parolfactorius, and the 
memory trace, if it is such, becomes both fragmented and redistributed. 
The IMHV seems to retain some aspects of the memory, including color 
discrimination, whereas others, related perhaps to the size and shape of 
the bead, may be located to the lobus parolfactorius (Patterson and Rose 
1992; Barber et al. 1999). Again, this points to the conclusion that 
learning and memory formation and retention engage not simply a 
discrete neuronal ensemble in a small brain region, but a much wider set 
of spatially and temporally dynamic processes, linked and given 
coherence by some form of binding mechanism (Freeman 1999- Sineer 
2000). " ' 



Memory Beyond the r have argued that the chick may be at least one of God's organisms for 
Cnick the su 'dy of the molecular processes of memory formation, but it is 

important to address the question of whether the processes we have 
observed are a special case, confined to either early learning, or to avian 
species. Although there are undoubtedly features that are specific to both, 
I would argue that our findings are of more general significance. The 
striking temporal parallels between the biochemical cascades found in the 
hippocampus following inhibitory avoidance training in rats, and in LTP, 
with those described here have been reviewed by Izquierdo and Medina 
' (1997). The two "waves" of glycoprotein synthesis following training have 
been found in a variety of adult mammalian species and tasks, including 
appetitive and inhibitory avoidance and motor learning in mice and rats 
(Grecksch and Matthies 1980; Doyle et al. 1992b). The antibodies 
originally prepared against chick glycoprotein species, notably NCAM, 
which, are amnestic when injected 5.5 hr post-training in our task, are also 
amnestic when injected at the same time in rats (Alexinsky et al. 1997; 
Roullet et al. 1997; see also, Doyle et al. 1992b). In these cases, however, 
amnesia does not set in until 48 hr later, implying some more complex 
phase shifts in longer-term memory. One of the clear implications of the 
cascade we have found in the chick is that the earlier heuristic model in 
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which memory formation proceeds serially through a series of sequential 
short, intermediate, and then finally robust long-term memory, presumably 
in the same small ensemble of neurons, is no longer' sustainable, either for 
the chick or for other species (DeZazzo and Tully 1995). Furthermore, the 
magnitude and diverse locations in space and time of the changes that we 
have found following training on such a simple learning task demands 
that we reconceptualize our model of memory storage, moving from a 
fixed and linear view of memory formation to a more dynamic concept 
involving large ensembles of cells differentially distributed in space and' 
time (Rose 2000). 

It is clear from the diversity of receptor-mediated events that can 
trigger LTP (e.g., NMDA and non-NMDA dependence) that we may expect 
to find that the processes that initiate synaptic transients are likely to be 
task- and even species-dependent. The intracellular and molecular 
housekeeping cascades that follow from these transients, however, may 
well prove to be more universal, and die final involvement of CAMs in 
synaptic remodeling a general feature of many forms of memory. In 
elucidating Uiese molecular mechanisms, and in its potential as a model 
system for die study of therapeutic approaches to memory impairment, 
the chick has earned its proper place among God's organisms. 
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Abstract — This study reveals that the chick embryo has ac- 
tive the machinery for the production and degradation of the 
amyloid beta peptide characteristic of Alzheimer's disease. 
We cloned the principal beta-amyloid precursor protein iso- 
forms in the chick embryo and observed that they are highly 
homologous to the human sequences and identical at the 
C-terminal sequence, including the amyloid beta domain. 
Mammals such as rat or mouse, more commonly used as 
animal models of human diseases, have a distinct amyloid 
beta sequence. The distribution of beta-amyloid precursor 
protein isoforms in the chick embryo revealed that, as in 
humans, their expression is ubiquitous and the prototype 
beta-amyloid precursor protein-695 predominated in the ner- 
vous system. We also found that the chick embryo expresses 
the genes for the main proteolytic proteases implicated in the 
production of amyloid beta, including BACE-1, BACE-2, pre- 
senilin-1, presenilin-2 and nicastrin, as well as the amyloid 
beta-degrading enzyme neprilysin, or ADAM-17, a protease 
implicated in the non-amyloidogenic processing of beta-amy- 
loid precursor protein. We have also found that between 
amyloid beta40 and amyloid beta42, this latter seems to be 
the major amyloid beta peptide produced during chick em- 
bryogenesis. The chick embryo appears as a suitable natural 
model to study cell biology and developmental function of 
beta-amyloid precursor protein and a potential assay system 
for drugs that regulate beta-amyloid precursor protein 
processing. © 2005 IBRO. Published by Elsevier Ltd. All 
rights reserved. 
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Alzheimer's disease is an age-related, multifactorial syn- 
drome that causes dementia. It is characterized by the 
progressive accumulation in the brain of the beta-amyloid 
(Ap) peptide, a major component of the neuritic and cere- 
brovascular amyloid plaques in patients with Alzheimer's 
disease and adults with Down syndrome (trisomy 21). The 
amino acid sequence of the Ap peptide is part of a much 
larger precursor with 695 amino acids called p-amyloid 
precursor protein (APP or APP-695), a glycosylated trans- 
membrane protein encoded by a gene on human chromo- 
some 21 (Goldgaber et al., 1987; Kang et al., 1987; 
Robakis et al., 1987; Tanzi et al., 1987; Kitaguchi et al., 
1988; Ponte et al., 1988). The Ap peptide is a product of 
the sequential proteolysis of APP by p and 7 secretases 
and includes portions of the extracellular and membrane- 
spanning domains of APP. The precursor protein can also 
be cleaved by the proteolytic activity of a-secretase, which 
cuts within the Ap domain (Selkoe, 2001). 

In addition to the prototype isoform APP-695, other 
major isoforms of APP have been described, APP-751 and 
APP-770, which are identical to APP-695 except for the 
inclusion of either one or two additional exons, respec- 
tively, in the mRNA (Tanzi et al., 1987; Kitaguchi et al., 
1988; Ponte et al., 1988; Selkoe et al., 1988; Bush et al., 
1990; Golde et al., 1990). Total APP expression is highest 
in the brain, especially APP-695, whereas APP-751 and 
APP-770 have been detected in every adult tissue exam- 
ined (Tanzi et al., 1987). 

Recently, we studied the cellular distribution of the four 
major APP isoforms in the rat throughout embryogenesis. 
The expression of each APP mRNA had a specific tempo- 
ral and spatial pattern (Sarasa et al., 2000). APP-695 
occurs early in cells involved in morphogenetic events 
(such as mesodermal cells invaginating at the level of the 
primitive streak) and is later restricted to neuroectodermal 
derivatives. In contrast, the longest isoform (APP-770) 
appears later and is restricted to mesodermal and 
endodermal derivatives, and APP-751 is expressed ubiq- 
uitously, which suggests that they may help to shape the 
embryo, long before they could play a role in the develop- 
ment of Alzheimer's disease. 

In this study, the chick embryo was used because it is 
a very accessible and suitable model for experimental 
embryology. An immunohistochemical analysis of embry- 
onic APP expression was already performed by our group 
using antibodies that recognize different regions of the 
most important APP molecules (Dominguez et al., 2001). 
Here we aimed to identify the APP gene and find out 
whether it contains the machinery to generate Ap. We 
cloned, sequenced and analyzed the expression pattern of 
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the major chick APP isoforms during embryogenesis. Sur- 
prisingly, they were highly homologous to the human se- 
quences and the Ap sequence was identical. As in hu- 
mans, APP-751 expression in the chick embryo was ubiq- 
uitous and the prototype APP-695 predominated in the 
nervous system. The chick embryo expresses the main 
proteins required to produce Afi and the non-amyloido- 
genic processing of APP, as well as the main protein 
implicated in Af3 degradation. 

EXPERIMENTAL PROCEDURES 

Isolation and sequencing of the full-length cDNAs of 
the chick APP isoforms 

For APP cloning, total and polyA + RNA were purified from 8 
day-old chick embryos using Trizol and Message Maker (Invitro- 
gen, Madrid, Spain), respectively. A directional cDNA library was 
prepared using the Superscript Plasmid System (Invitrogen) as 
described by Blasco et al. (2003). Homology cloning of the cDNAs 
encoding the APP isoforms was performed using the GeneTrap- 
per System (Invitrogen) with the primer 5'-GCCCATTAGCAGAG- 
GAAAGCGA-3' from the human gene sequence, common to all 
APP isoforms. Two isoforms were obtained (APP-695 and APP-751) 
and automatically sequenced with AbiPrism 377 (PerkinElmer, Bos- 
ton, MA, USA). Their presence in the chick embryo was confirmed 
using RT-PCR and Northern blot and submitted to GenBank (acces- 
sion number AF289218 for APP-695 and AF289219 for APP-751). 

The cloned chick APPs were amplified by two-step RT-PCR 
using the Superscript Preamplification System and the Platinum 
TagDNA Polymerase High Fidelity (Invitrogen). We designed the 
upper primer 5'-AGAGTCCGTGGAAGAAGTTG-3' and lower 
primer 5'-GATGCTTAGCTTCAAGCCTC-3', which generated two 
products with 142 bp (APP-695) and 310 bp (APP : 751). 

Isolation of cDNAs of the chick presenilins, nicastrin, 
neprilysin, BACEs and ADAM-17 

The gene sequences of the products involved in APP processing 
or A(3 degradation were obtained by BLAST searches using hu- 
man sequences. We identified chicken expressed sequence tags 
(ESTs) encoding putative proteins highly similar to their human 
counterparts. In some cases, full-length clones were obtained. For 
other genes, the EST sequences were used to design primers for 
RT-PCR analyses. Those sequences were obtained as follows: 

Presenilins. Sequences encoding chicken presenilins 1 and 
2 have been submitted to GenBank by other researchers (acces- 
sion numbers AY043492 and AY043493, respectively). Neverthe- 
less, while trying to obtain a clone comprising the whole coding 
region of PS2, we realized that plasmid sequences replaced cod- 
ing sequences in the carboxyl terminal region of the protein. 
Furthermore, there were six internal nucleotide indeferminations. 
We identified EST sequences corresponding to chicken PS2 that 
allowed us to complete and correct the original sequence. Gen- 
Bank sequence BU303244 contains the carboxyl terminal region 
of chicken PS2. We used sequences BU462207 and BU249919 to 
correct the internal sequence indeterminations. Partial sequenc- 
ing of PCR clones obtained from chicken cDNA confirmed the 
sequence. 

Nicastrin. A similar approach was used to obtain the se- 
quence for nicastrin. Three chicken ESTs were (identified; 
AJ448291 (residues 1-169 of the full-length protein, and 44 nu- 
cleotides of the 5'UTR), AL587639 (residues 378-582) and 
AJ399158 (579-717 and 164 nucleotides of the 3'UTR). A clone 
containing the entire coding region was obtained by PCR using 
a chicken cDNA and the primers 5'-ACATATGGGGAGAGC- 



CGGGGGCA-3') and 5'-AGCGGCCGCGTAAGACACAGCCCC 
AGGGT-3' and Pfu Turbo DNA polymerase. To facilitate subclon- 
ing into expression vectors, A/del and Nott sites were introduced in 
the primers. The PCR product was cloned into pPCR-Script (Strat- 
agene, La Jolla, CA, USA) and sequenced completely. The coding 
region sequence was submitted to GenBank and assigned acces- 
sion number AY371190. 

Neprilysin. Chicken neprilysin fragments were first identi- 
fied by BLAST searches using the human neprilysin sequence. 
Two EST sequences were identified initially, corresponding to 
regions of the protein from residues 289-527 (GenBank 
AJ441455) and 477-668 (GenBank AJ396658). Those were later 
completed with EST BU291651 (residues 1-272 and 1 1 nts of the 
5'UTR) and EST BU131850 (residues 580-750 and 464 nucleo- 
tides of the 3'UTR). No EST was found between residues 273- 
288. That region was obtained by PCR cloning using a chicken 
cDNA and the primers 5 ' -TGGC CTGTAGC AAC AAAC AA-3 ' and 
5'-CCATACAGCGCCTTACGAAA-3' and Pfu Turbo DNA poly- 
merase, which amplified a 701 nucleotide region comprising the 
16 missing residues. The assembled sequence was submitted to 
GenBank and assigned accession number AY371191. A poly- 
clonal antibody was generated against residues 319-698. 

BACE-1 (p-secretase). BLAST searches using the human 
BACE sequence helped to identify two chicken ESTs containing 
open reading frames for proteins highly similar to the human 
sequence. EST BU128383 can be aligned with residues 76-409 
of the human sequence (after some frame shift corrections), and 
EST BU405294 can be aligned with residues 135-320. The region 
corresponding to amino acids 191-291 of the human sequence 
was cloned and sequenced. 

BACE-2 (p-secretase-2). We identified two chicken EST 
sequences that can be aligned with human BACE2. EST 
BM439382 aligned with residues 127-344 of human BACE2, and 
EST .BU237491 aligned with residues 295-518 of the human 
sequence, including 254 nucleotides of the 3'UTR. Primers 5'- 
GGTCTTGCCTATGACACCTTAGCC-3' and 5'-GCATGCAAGT- 
TGTGAACCAGACCA-3' were used to clone and sequence a 
fragment of chicken BACE2 corresponding to residues 198-344 
of the human sequence. 

ADAM-17 or TACE (a-secretase). Chicken ADAM-17 frag- 
ments were first identified by BLAST searches using the human 
sequence ADAM-17. Four EST sequences were initially identified, 
corresponding to the residues of the human protein from 140 to 
281 (GenBank BI065297), 260-466 (GenBank BM487003), 346- 
548 (GenBank BM427612) and 591-824 (GenBank BU298182). 
These were later completed with EST BU390365, which corre- 
sponded to human residues 1-224 and included 16 nucleotides of 
the 5'UTR of the chicken protein. Other ESTs were found which 
included a larger 5'UTR (i.e. EST AJ447049 contains 158 more 
nucleotides) but are not included here. There was also an EST 
between residues 549-591. That region was obtained by PCR 
cloning using a chicken cDNA and primers 5'-CCAAATGCAGT- 
GATCGGAACA-3' and 5'-AACCCGTCCTCGTCAATATGA-3' with 
TaqDNA polymerase, which amplified an 813 nucleotide region 
(comprising the missing 126 bp that encode the 42 unknown 
residues). 

Semi-quantitative RT-PCR analysis 

RNA from chicken embryos was isolated using the acid phenol- 
guanidinium thiocyanate method (Chomczynski and Sacchi, 
1987). The entire embryo was used when it was 2-4 days of 
incubation, but RNA was taken separately from the head and trunk 
when the embryos were 6 days of incubation or older. In this 
study, all experiments conformed to international guidelines on the 
ethical use of animals, and efforts were made to minimize animal 
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suffering and to reduce the number of animals used as recom- 
mended by the European Communities Council Directive (86 609 
EEC). 

Reverse transcription was carried out using 5 |xg of total RNA 
with the Superscript First Strand Synthesis System for RT-PCR 
(Invitrogen). A mixture of oligo-dT and random hexarners was 
used. The 20 ml reaction was diluted with TE (10 mM f ris, 1 mM 
EDTA, pH 8.0) to 160 and 5 |il were used for PCR. 

We designed PCR primer pairs for all the genes used in 
RT-PCR: APP, primers 5'-GAGTTTGTGAGTGATGCCCT-3' and 
5'-GATCTCCTCAGCTACAGCAG-3', with 1089 (APP695) and 
1257 bp (APP751) products; Presenilin 1, primers 5'-CAGCAAG- 
CATATCTCATTATG-3' and 5'-GCGGCCGCGATATAAAACTGAT 
GGAATGC-3', 746 bp product; Presenilin 2, primers 5'-TCA 
GCATGGGTGATTCTAGGTGCA-3' and 5'-GATCAAGCCGAAG- 
GTGATGGAGAT, 532 bp product; Nicastrin, primers 5'-ACCAT- 
GGGGAGAGCCGGGGGCA-3' and 5'-TGCGGCCGCGTTATG- 
GTCTTGGTAACACTGCTT-3', 639 bp product; BACE; primers 5'- 
GCATGATCATTGGTGGCATCGACC-3' and 5'-GTCCATGTTCA 
GGTCCTGCCCATT-3', 131 bp product; BACE2, primers 5'- 
GGTCTTGCCTATGACACCTTAGCC-3 ' and 5'-GCATGCAAGTT- 
GTGAACCAGACCA-3' , 441 bp product; neprilysin, primers 5'- 
AGAAATGATCCACTTCTGCTGT-3' and 5'-AGCGGCCGCGTAT- 
GTTCCACACCATACCTGT-3', 1227 bp product. Chicken G3PDH 
was used as an internal control with primers 5'-TGAAAGTCGGAGT- 
CAACGGATTTGGC-3' and 5'-CATGTGGACCATCAAGTCCAC 
AAC-3' primers and a 998 bp product. The PCR was carried out for 
25 cycles with an annealing temperature of 58 °C and an extension 
time of 1 min/kb with Taq polymerase (Amersham, Barcelona, 
Spain). Several other cycles and annealing temperatures were as- 
sayed to determine optimal conditions for non-saturating PCR. The 
products were separated by electrophoresis on agarose gels with 
different concentrations according to product size, stained with 
ethidium bromide and photographed using BioRad Gel Doc 1000. 

Northern blotting 

For Northern blotting, 20 |xg of total RNA from 8 and 12 day-old 
embryos were electrophoresed in formaldehyde-denaturing aga- 
rose gels (Alcalde et al., 1999) and vacuum-blotted onto nylon 
membranes (Biodyne, Pall Gelman, Ann Arbor, Ml, USA). After 
hybridization in an ULTRAhyb solution (Ambion, Austin, TX, USA) 
with the chick APP cDNAs as full length 32 P-riboprobes, signals 
were read after exposure to Kodak Biomax MS film for 4-8 h at 
-80 °C. 

In situ hybridization histochemistry 

In situ hybridization histochemistry of tissue sections was per- 
formed following Terrado et al. (1997, 1999) with two specific 
40mer oligonucleotides complementary to the junction sequences 
from exon KPI for APP-695, and within this exon for APP-751 . 
Oligonucleotides were labeled with [a- 32 P]-dATP at the 3' ends 
with the enzyme terminal deoxynucleotidyltransferase. Slides 
were hybridized with the corresponding labeled oligonucleotide 
probe diluted to a final concentration of 2-3x1 0 7 d.p.m./ml in 
hybridization buffer (Terrado et al., 1999). 

For whole-mount in situ hybridization, digoxigenin-labeled 
RNA probes were prepared by in vitro transcription, and isolated 
embryos were incubated with probes specific for the KPI exon of 
APP (common to APP-695 and APP-751), Sonic hedgehog, or 
Paraxis as described by Nieto et al. (1996). 

Whole-mount immunohistochemistry 

One and 2 day-old chick embryos were fixed by immersion in 4% 
paraformaldehyde at 4 °C in 0.1 M PBS, pH 7.4, washed in PBS 
(2x5 min) and PBT (1 % Triton X-100 and 0.2% BSA in PBS) (2x5 
min) and incubated in PBT+N (PBT containing 4% goat serum) 



for 30 min. Then they were sequentially incubated with the primary 
antibody anti-Jonas (Boehringer, Barcelona, Spain) or anti-KPI 
(Chemicon, Hampshire, UK) diluted 1:100 or 1:10, respectively, in 
PBT for 48 h at 4 °C in a shaker, with goat anti-mouse or anti- 
rabbit IgG antibody (Vector Laboratories, Peterborough, UK) di- 
luted (1:100) in PBT+N for 3 days at 4 °C, and with avidin-biotin- 
peroxidase complex (Vector Laboratories) diluted (1:200) in PBT 
for 30 min. They were revealed using 3,3'-diaminobenzidine with 
0.05% H 2 0 2 . Specimens were washed in PBS at 4 °C and main- 
tained in 4% paraformaldehyde at 4 °C. The controls were serial 
dilutions of the primary antibodies that were incubated with non- 
immune goat serum instead of the primary antibody. 

Extraction and determination of Ap peptides 

The AS peptide was extracted from brain tissue of 11 and 16 
day-old chick embryos. The brain tissue was homogenized in five 
volumes of modificated RIPA buffer (50 mM Tris-HCI, pH 8.0, 
0.5% sucrose, 1% Triton X-100, 150 mM NaCI, 1% SDS) contain- 
ing 1% SDS, and ultracentrifuged at 100,000xg for 1 h. SDS- 
insoluble pellets were homogenized in 70% formic acid and ultra- 
centrifuged at 100,000xg for 1 h and the supernatants were 
collected (the formic acid fraction). The formic acid was evapo- 
rated by Speed-Vac and the protein resuspended in DMSO or in 
6 M guanidine-HCI. 

AS levels were measured using indirect sandwich ELISA with 
the ABtest-40 and ABtest-42 ELISA kits from Araclon Biotech 
(Zaragoza, Spain) following manufacturer's instructions. 

RESULTS 
Cloning of the chicken APPs 

We found two of the major APP isoforms after generating 
a cDNA library from the mRNA of embryos at the 8th day 
of incubation; APP-751, which contains the KPI domain, 
and APP-695. The chick and human gene sequences are 
almost identical (Fig. 1) with 93% amino acid identity and 
96% similarity. The KPI domain of APP-751 has 52 iden- 
tical residues out of 56 (93% identity), and three of the four 
different residues belong to the same group of amino acids 
(98% similarity). The 40-42 amino acid residues of the 
B-amyloid domain are identical as well as the last 101 
C-terminal amino acids of the APP sequence (correspond- 
ing to the AB, transmembrane and intracytoplasmic do- 
mains). There is only one mismatch in the last 144 
C-terminal residues (Fig. 1). There are more mismatches 
between amino acids 228-261 , but the chick and human 
sequences still share 24 of 34 residues. Fig. 2 shows that, 
among the species disclosed, the chick is the only species 
with the same AB sequence as humans, when compared 
with mammals as rat or mouse, or lower vertebrates as 
Xenopus or zebrafish, all being animal model systems for 
human disease research or embryo development. 

According to the Northern blotting and RT-PCR anal- 
yses on embryos after 8 and 12 days of incubation, APP- 
751 and APP-695 were the two major APP isoforms (Fig. 
3). The longest APP-770 isoform with the OX-2 domain 
was absent or hardly expressed (see below). 

Chicken APP expression parallels mammalian APP 
expression 

In a previous study we described the expression pattern of 
the main APP isoforms during rat development using in 
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Fig. 1. Comparison of chick and human APP-751 amino acid sequences. The Ap, transmembrane and KPI domains are indicated. 



situ hybridization with oligonucleotide probes (Sarasa et 
al., 2000). Whereas the expression of APP-751 was ubiq- 
uitous, APP-695 mRNA was typically expressed by neuro- 
ectodermal derivatives, including the neural tube (enceph- 
alon and spinal cord), neural crest (sensory and autonomic 
ganglia) and neurogenic placodes and vesicles (retina, 
inner ear and cranial ganglia). 

In this study, whole-mount in situ hybridization his- 
tochemistry was performed at early stages using two 
riboprobes. One panprobe recognized all major APP 
isoforms and the other recognized isoforms with the KPI 
domain. The distribution of APP was quite broad at early 
stages, as confirmed by the whole-mount immunohisto- 
chemistry using antibodies specific for different regions 
of APP (Dominguez et al., 2001) (Fig. 4E, F). After this 



we designed specific oligonucleotides for each APP iso- 
form to analyze their specific pattern of expression. 

During the first 2.5-3 days of embryonic development, 
the expression of both cloned APP isoforms was similar. 
After the 3rd day of development, the levels of APP-695 
mRNA were much higher than APP-751 in the neuroecto- 
dermal derivatives, including the neural tube, the sensory, 
autonomic and cranial ganglia, the retina and the otic 
vesicle. As in mammals, the chick retina expressed higher 
levels of APP (Fig. 5). 

In contrast to the neuroectodermal expression of APP- 
695 at advanced stages of embryo development, the dis- 
tribution of APP-751 (with the KPI domain) was ubiquitous 
and slightly higher in the mesodermal and endodermal 
derivates (Fig. 5), as the longest APP-770 isoform in mam- 
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Fig. 2. Alignment of the amino acid sequences of human, mouse, rat, Xenopus-A, Xenopus-B, zebrafish and chick Af}42. Amino acid residues that 
differ from the human sequence are in bold and underlined. Residues implicated in amyloidogenesis are indicated with asterisks (from van den Hurk 
et al., 2001). 
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Fig. 3. RT-PCR (A) and Northern blots (B) of the cloned chicken 
APPs. (A) PCR products were obtained and analyzed by electrophore- 
sis on agarose gels and stained with ethidium bromide. The genes are 
indicated on the left of each panel (p-actin was used as control). The 
sizes of the PCR products are indicated on the right (base pairs). (B) 
For Northern blotting, 20 u.g of total RNA were loaded in each lane and 
hybridized with full length 32 P-riboprobes specific for APP-695 or APP- 
751. Lane 1: entire 8-day-old embryo; lane 2: head of 12-day-old 
embryo; lane 3: trunk of 12-day-old embryo. 

mals (Sarasa et al., 2000). The longest isoform may be 
present in the chick but at very low levels. 

."■ o 

The chick embryo expresses the machinery to 
generate Ap 

The Ap peptide is produced by the sequential proteolysis 
of APP by secretases p and 7. After isolating, sequencing 



and analyzing the expression of the main APPs in the chick 
embryo, we searched for the genes that code for the 
proteases implicated in the amyloidogenic processing of 
APP. We obtained cDNA clones for the enzymes with 
p-secretase activity BACE (beta-site APP cleavage en- 
zyme, later named BACE-1), and BACE-2, and for prese- 
nilis 1 and 2 and nicastrin, the first proteins discovered for 
the 7-secretase complex (Mattson, 2003; Edbauer et al., 
2003; Kimberly et al., 2003). The sequences for chick 
BACE-1 and BACE-2 are 83.6 and 77.8% identical with the 
human sequences and the similarity is about 88% (Fig. 6). 
The identity with presenilin-1 and presenilin-2 is 83.7% and 
75.5% and the similarity is 89.8% and 81.5% respectively, 
while nicastrin has 68.4% identity and 79.4% similarity. 
The expression level of the mRNAs did not differ signifi- 
cantly throughout chick embryo development (Fig. 7). 

The chick embryo expresses the genes for proteins 
involved in non-amyloidogenic processing of APP 

In addition to the amyloidogenic processing of APP to 
generate the Ap peptide, the Ap domain may also be cut 
by proteases with a-secretase activity to produce a se- 
creted APPa and an a-stub (Selkoe, 2001). Two enzymes 
with a-secretase activity are ADAM-10 (a disintegrin and 
metalloproteinase domain 10) and ADAM-17 (or TACE: 
tumor necrosis factor alpha converting enzyme). We also 
isolated the cDNA for ADAM-17 by RT-PCR. It had 76.5% 
identity and 87% similarity to the human sequence (Fig. 6). 
The cloning and expression of ADAM-10 in the chick em- 
bryo has been described recently by Hall and Erickson 
(2003). 

The gene for neprilysin, the main protein implicated 
in Ap degradation, is also expressed during chick 
embryogenesis 

The accumulation of Ap in brain is thought to be due to an 
alteration between production and degradation (or clear- 
ance). One of the most studied degradation enzymes is 
neprilysin. We assembled cDNA with chicken EST se- 
quences and obtained the missing regions by cloning and 
sequencing to complete a full-length cDNA. Chicken 
neprylisin had 78.7% identity and 88.7% similarity to the 
human sequence (Fig. 6). Interestingly, the expression of 
neprilysin was higher in chick embryos than in adults. A 
2-year-old adult head had low levels of neprilysin (Fig. 7). 

Ap42 seems to be the major Ap isoform produced 
during chick embryogenesis 

The previously described results revealed that the chick 
embryo has active the machinery for the production and 
degradation of the Ap peptide, suggesting strongly its 
presence already during embryogenesis. To ascertain 
whether the Ap peptide is produced during chick embryo- 
genesis, we performed ELISA analyses specific for the two 
main isoforms of the peptide, Ap40 and Ap42, in brain 
extracts of embryos of 11 and 16 days of incubation. The 
ELISA assays revealed that Ap levels increase as the 
embryo development advances and that Ap42 is by far the 
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Fig. 4. Expression of APP at stage 9 (approx. 30 h of incubation). Signals detected by in situ hybridization using digoxigenin-labeled riboprobes for 
APP (A), control APP sense probe (B), as well as for Sonic hedgehog (C) and Paraxis (D) as additional controls of the technique. A whole-mount 
immunohistochemistry is also shown with a commercial antibody against human APP with the dorsal (E) and ventral (F) aspects of the embryo Scale 
bars=1 mm. 
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Fig. 5. Expression of APP-695 and APP-751 at the 8th day of embryonic development. In situ hybridization histochemistry with specific probes shows 
that APP-695 mRNA predominates in the nervous system and APP-751 mRNA is expressed ubiquitously. Scale bar=4 mm. 



predominant Ap peptide. Ap42 levels fluctuated. between 4 
and 26 pg/g (wet weight), depending on if the peptide is 
extracted in DMSO or guanidine-HCI, whereas A04O dis- 
played undetectable levels at embryonic day 11, and 1.6 
pg/g at embryonic day 16 (when extracted in guanidine- 
HCI). This predominance of AI342 over Ap40 during chick 
embryogenesis has been also confirmed by immunohisto- 
chemistry with antibodies specific for each Ap isoform 
(manuscript in preparation). 

DISCUSSION 

This study reveals that the sequence of the chick APP 
gene is practically identical to the human sequence and 
that the chick embryo contains the machinery to carry out 
amyloidogenic and non-amyloidogenic processing of APP. 
The chick embryo also expresses neprilysin, one of the 
main proteases implicated in the degradation and clear- 
ance of the A3 peptide. Surprisingly, while the chick APPs 
are highly homologous to human sequences, the se- 
quence of the Ap peptide is identical. The rat and mouse 
are often used as animal models for human diseases but 
their Ap peptide differs in three out of the 40-42 amino 
acid residues, two of these changes affecting the amino 
acid Arg, charged positively (see Fig. 2). 

The expression patterns of the main APP isoforms 
(APP-695 and APP-751) were similar to those of hu- 
mans, with more APP-695 in the nervous system and 
ubiquitous APP-751 expression. During mammalian em- 
bryogenesis, APP-695 is expressed early in mesoder- 
mal cells invaginating at the level of the primitive streak 
and predominates later in the neuroectodermal deriva- 
tives. The longest isoform (APP-770) appears later and 
is restricted to mesodermal and endodermal derivatives 
and APP-751 appears even later and is ubiquitous 
(Sarasa et al., 2000). Unlike mammalian embryos, APP- 
695 and APP-751 are expressed ubiquitously during the 



early stages of development in the chick embryo. After 
the 4th day of development, APP-695 predominates in 
neuroectodermal derivatives, while APP-751 is always 
ubiquitously expressed but in lower levels in neuroecto- 
dermal derivatives, which is characteristic of mammalian 
APP-770. That isoform, or another longer than APP-751 , 
may be present in the chick but at very low levels (see 
Fig. 7, upper panel). We have performed a BLAST anal- 
ysis against the recently communicated chick genome 
using the sequences for exon 8 (characteristic of iso- 
forms as APP-714 or APP-770) from a number of spe- 
cies and no homology was found. Most parts of our 
cDNA sequences for the APPs are identified within the 
chromosome 1 of the chick genome. 

Current animal models for Alzheimer's research in- 
clude transgenic mice that express a mutant form of 
human APP. In some cases they develop cerebral amy- 
loid deposits and some characteristic signs of Alzheimer- 
type dementia as memory loss. However, the mouse has 
a short life span (2-3 years), and the mutant mice with 
the human APP transgene also have their own endog- 
enous APP gene, which may interfere with APP metab- 
olism. In contrast, our study shows that the chick has a 
Ap machinery practically identical to that of man, which 
already expresses during embryogenesis. However, the 
question arises on whether the aged adult chick is a 
good experimental model for Alzheimer research, be- 
cause aging is a fundamental epigenetic factor for 
Alzheimer's, disease. To date it is not known whether 
during aging the chick is able to form the characteristic 
cerebral amyloid plaques and may suffer an age-related 
dementia. Chick's life span is 30 years (Dani, 1997), 
whereas the commercial life of the chick ends between 
2 months and 14 months after hatching, depending on 
whether bred for meat or laying. We have been capable 
of delivering hens of up to 10 years old (therefore at 



1292 



J. A. Carrodeguas et al. / Neuroscience 134 (2005) 1285-1300 



chPSl 


1 


MTELSAHLPQFQHGQMTENFPDNHLSNT NDNSERRRHDNSERRRND 

1 1 1 1 • 1 . 1 .. 1 1 : . 1 1 : 1 I | | | || | I I I . | | :. | :: | | ... 
MTELPAPLSYFQNAQMSE DNHLSNTVRSQNDNRERQEH — NDRRSLG 


46 


hPSl 


1 


45 


chPSl 


47 


NPGSETNGQPQNNIQQWDQDEEEDEELTLKYGAKHVIMLFVPVTLCMW 
= 1 1 1 ■• 1 1 • 1 ..= 1 1 1.: 1 1 1 II 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
HPEPLSNGRPQGNSRQWEQDEEEDEELTLKYGAKHVIMLFVPVTLCMW 


96 


hPSl 


46 


95 


chPSl 


97 


WATIKSVSFYTRKDGQLIYTPFTEETDTIGQRALNSILNAAIMISVIIV 
1 M 1 M 1 1 1 1 1 M M 1 1 1 1 1 II 1 1 1 : 1 : 1 : 1 I I I I : 1 1 1 1 1 1 1 1 1 II 1 : 1 
WATIKSVSFYTRKDGQLIYTPFTEDTETVGQRALHSILNAAIMISVIW 


146 


hPSl 


96 


145 


chPSl 


147 


MTILLVVLYKYRCYKVIHGWLIISSLLLLFFFSFIYLGEVFKTYNVAMDY 
1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 • 1 1 1 II 1 1 1 1 1 II 1 II 1 1 II 1 1 II 1 I M I : | | 
MTILLWLYKYRCYKVIHAWLIISSLLLLFFFSFIYLGEVFKTYNVAVDY ' 


196 


hPSl 


146 


195 


chPSl 


197 


ITVALIIWNFGWGMICIHWKGPLRLQQAYLIMISALMALVFIKYLPEWT 
1 1 1 1 1 : 1 1 1 1 1 M II 1 • 1 1 II 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I M 
ITVALLIWNFGWGMISIHWKGPLRLQQAYLIMISALMALVFIKYLPEWT 


246 


hPSl 


196 


245 


chPSl 


247 


AWLILAVISVYDLVAVLCPKGPLRMLVETAQERNETLFPALIYSSTMVWL 
1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I M 1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 I 
AWL I LAVI S VYDLVAVLCPKGPLRMLVETAQERNETLFPALI YSS TMVWL 


296 


hPSl 


246 


295 


chPSl 


297 


VNMAEEDPEGQRKASKNSTYDKQAPANQSQNEDAEADDGGFSQEWQQQRD 
1 1 M 1 • 1 1 1 . 1 1 :. 1 1 1 1 • 1 :.::...: I I :•• 1 1 - 1 1 1 1 1 1 : 1 1 :. 1 1 1 
VNMAEGDPEAQRRVSKNSKYNAES.TERESQDTVAENDDGGFSEEWEAQRD 


346 


hPSl 


296 


345 


chPSl 


347 


NRIGPIESTPESRAAVQALPSNSQTSEDPEERGVKLGLGDFIFYSVLVGK 
: - : 1 1 •• 1 1 M 1 1 1 1 1 1 • 1 . 1 :. ... | | I | M 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 M 
SHLGPHRSTPESRAAVQELSSSILAGEDPEERGVKLGLGDFIFYSVLVGK 


396 


>,nqi 
rir£>± 




395 


chPSl 


397 


ASATASGDWNTTLACFVAILIGLCLTLLLLAIFKKALPALPISITFGLVF 
1 1 1 1 1 1 1 1 1 1 1 1 = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 I I II | || | 
ASATASGDWNTTIACFVAILIGLCLTLLLLAIFKKALPALPISITFGLVF 


446 


hPSl 


396 


445 


chPSl 


447 


YFATDNLVQPFMDQLAFHQFYI 4 68 
1 1 M 1 • 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 
YFATDYLVQPFMDQLAFHQFYI 4 67 




hPSl 


446 





Fig. 6. Alignment of chicken proteins with their human counterparts. Seven panels are shown with the alignments of presenilins (PS) 1 and 2 nicastrin 
(NCT), BACE1 and BACE2, neprilysin (NEP) and ADAM 17 from chicken (ch) and human (h). Identical amino acids are shown with vertical lines similar 
amino acids with colons, and different amino acids with dots. Numbers on the right and left indicate the amino acid positions The amino acids 
corresponding to the primers used for the PCR reactions; are indicated with bold and underlined characters. For BACE1 and BACE2 only partial 
sequences are shown, with a scheme under the alignment comparing the chicken protein fragment (dark gray rectangle) to the human full-lenqth 
protein (light gray rectangle). " 
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chPS2 


1 


"MTTFMNNSDSEDEPCNERTSLMSAESPPVPSYQDGLQASETREAQTHRKR 
1:111 • 1 1 II : 1 • 1 : 1 1 1 1 1 M 1 1 1 1 .. . 1 . 1 : ! . I . . | . . | 
MLTFM-ASDSEEEVC DERTSLMSAESPTPRSCQEGRQGPEDGE 


50 


hPS2 


1 


42 


chPS2 


51 


QTGSSRSPNNVADEDASDSDVRVRESALENE EEELTLKYGAKHVIM 

. 1 . . . II . . 1 : | I • • : • • • 1 . . . 1 . : . . . 1 1 1 II II 1 1 1 1 1 1 M 
NTAQWRSQEN — EEDGEEDPDRYVCSGVPGRPPGLEEELTLKYGAKHVIM 


96 


hPS2 


43 


90 


chPS2 


97 


LFVPVTLCMIVWATIKSVRFYTEKNGQLI YTPFSEDTPSVGQRLLNSVL 
1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1 1 1 1 1 II 1 1 II 1 1 1 1 II : 1 I I II I || | | | | | | | 
LFVPVTLCMIVWATIKSVRFYTEKNGQLI YTPFTE DTPS VGQRLLNSVL 


146 


hPS2 


91 


140 


chPS2 


147 


NTI IMISVIWMTVFLWLYKYRCYKFIHGWLILSSFMLLFLFTYI YLGE 
M = M 1 1 M 1 1 1 1 : 1 1 1 I I 1 II 1 M 1 1 1 1 1 1 1 1 : 1 1 . 1 1 1 1 1 I I I 1 1 1 1 1 

NTLIMISVI WMTIFLWLYKYRCYKFIHGWLIMSSLMLLFLFTYI YLGE 


196 


hPS2 


141 


190 


chPS2 


197 


VLKTYNVAMDYPTVILIIWNFGAVGMIRIHWKGPLQLQQAYLIMISALMV 
N N 1 II 1 1 1 1 1 1 :: 1 .: 1 1 1 1 1 M 1 1 1 1 1 1 1 1 . I I M 1 1 1 1 1 1 II 1 . 
VLKT YNVAMDYPTLLLTVWNFGAVGMVC I HWKGPLVLQQAYL I M I S ALMA 


246 


hPS2 


191 


240 


chPS2 


247 


LVFIKYLPEWSAWVILGAISIYDLIAVLCPKGPLRMLVF.TAOF.RNOPTFP 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I : I I I : I I I I I I I I I I I I I I I I I I I I : | | | | 
LVFIKYLPEWSAWVILGAISVYDLVAVLCPKGPLRMLVETAQERNEPIFP 


296 


hPS2 


241 


290 


chPS2 


297 


ALIYSSAMIWTVGMAKPDTAAKGQSQQAWDAEDERENHSSTSHSDSQILD 
I I I I I I I I : I I I I i'l I • I . : : : I . . I . I.: I . | . | . : : : . | . . . 
ALIYSSAMVWTVGMAKLDPSSQGALQLPYDPEMEEDSYDSFGE 


346 


hPS2 


291 


333 


chPS2 


347 


TRSPAPSHPITL EEM-EEEERGVKLGLGDFIFYSVLVGKAA 

I I : I • • • II: M I.I III II I I I I I I I I I II I I M I 
PSYPEVFEPPLTGYPGEELEEEEERGVKLGLGDFIFYSVLVGKAA 


386 




T T A 

J JT 


378 


chPS2 


387 


ATPSGDWNTTLACFVAILIGLCLTLLLLAVFKKALPALPISITFGLIFYF 
I I • I I I I I I I I I I I M I N I I I I I I I I I II I I I | | || | | | | | | | | | | | | | 
ATGSGDWNTTLACFVAILIGLCLTLLLLAVFKKALPALPISITFGLIFYF 


436 


hPS2 


379 


428 


chPS2 


437 


STDNLVRPFMDTLASHQLYI 4 56 
I I I II I I I I I II I I I I I I 1 I 
STDNLVRPFMDTLASHQLYI 4 48' 




hPS2 


429 





Fig. 6. (Continued). 
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chNCT 1 MGRAGGRRGMTAVVGSCWISLPAWCGPLPALLLALLVAGSCEGNSVERKI SO 

I • • I I I • • I • • I . . . I . I . . I . . . : | : | | . | . | | | | | | | | 

hNCT 1 MATAGGGSGAD PGSRGLLRLLSFCVLLAGLCRGNSVERKI 40 

ChNCT 51 YIPLNKTAPCVRLLNATHQIGCQSSISGDTGVIHVVEKEEDLNWVLADGP 100 

llllllllllllllllllllllllllllllllllllllllll.lll.nl 
hNCT 41 YIPLNKTAPCVRLLNATHQIGCQSSISGDTGVIHWEKEEDLQWVLTDGP 90 

ChNCT 101 HPPYMILLDGNLFNRKVMQQLKG-TSRVSGLAVSVAKPSPPQGFSPGLKC 149 

: I I I I : I I : . . . I . I . : I : : I I I I I I : : I I I I I : . I I I I . . | | | | . : : | 
hNCT 91 NPPYMVLLESKH FTRDLMEKLKGRTSRI AGLAVSLTKPSPASGFSPSVQC 140 

ChNCT 150 PNDGFGVYSKDYGPQYAHCNRTVWNPVGSGLSYEDFDFPIFLLEDANETQ 199 

I I M I I I I I .. I I I :: I I I .... I I .: | : | | : | | | | . | | | | | | | | . | | | : 
hNCT 141 PNDGFGVYSNSYGPEFAHCREIQWNSLGNGLAYEDFSFPIFLLEDENETK 190 

ChNCT 200 VIKQCYgDTOVPTDGSGPEYPLCAMQLFSHMHAVTSTVTCMRRNSIQNTF 249 

I I I I I I I I I I :. - : I I . I .: I I I I I I I I I I I I I I . I I . I I I I I : I I I : I I 
hNCT 191 VIKQCYQDHNLSQNGSAPTFPLCAMQLFSHMHAVISTATCMRRSSIQSTF 240 

ChNCT 250 SINPETVCDPLLDYNVWSTLHPINASEKVDPKKEFIMVATRIDSHSFFWN 299 

N I I I . I I I I I . I I I I I I . I . I I I I I I I : I I . I I I I I 

hNCT 241 SINPEIVCDPLSDYNVWSMLKPINTTGTLKPDDRWVAATRLDSRSFFWN 290 

chNCT 300 IAPGAESAVSSFVTHLAAAEALHKASDVHLLQRNIMFTFFQGETFDYIGS 349 

: I I I I I I I I : I I I I • I I I II I I • I I • I I • • I • I I : I I . I I I I I I I I I I I I 
hNCT 291 VAPGAESAVASFVTQLAAAEALQKAPDVTTLPRNVMFVFFQGETFDYIGS 340 

chNCT 350 SRMVYDMEKDKFPLRLENIHSFVELNQVALRNGSILWMHTDPVSRLNATV 399 

I II I I I I I I . I I I :: I I I :. I I | I I . | | | | | I I I I I I I I I : . | . : | 

hNCT 341 SRMVYDMEKGKFPVQLENVDSFVELGQVALRTSLELWMHTDPVSQKNESV 390 

ChNCT 400 EPQVKNLLDILSNSSVGA-NVTLQEVGFSQPLPPSSFQRFLRARHIPGVV 448 

. . I I : : I I . . I . . I . . I . . I . I : .... I I I I I I I I . I I I I I I I : I . I I I 
hNCT 391 RNQVEDLLATLEKSGAGVPAVILRRPNQSQPLPPSSLQRFLRARNISGVV 440 

ChNCT 449 LSDHQASFQNRYYQSMYDTPENIQMQYPEGLS PEETLEYVTDTAKSLAEV 498 

I : I I . . : I . I : I I I I : I I I . I I I . : . I I I . I I | | | . | . : | | | | | | : | | : | 
hNCT 441 LADHSGAFHNKYYQSI YDTAENINVSYPEWLSPEEDLNFVTDTAKALADV 490 

chNCT 499 ATVVARALYRLAGGANDTSAIQADPKTITQMLYGFLIKMNNSWFQSI IKP 548 

I I I : ■ I I I I • I I I I ■ I • : • • : I I I I : I : I : : I I I I I I I . I I I I I I I I : : . 
hNCT 491 ATVLGRALYELAGGTNFSDTVQADPQTVTRLLYGFLIKANNSWFQS I LRQ 540 

ChNCT 549 DLKGILGDEVPQHYVAVSSPVNTTYLVQYVLANLTGTWNLTKEECLNPE 598 

I I : • • I I I • • • I I I : I I I I I . I I I I : I I I .' I I I I I I I I I I I I : I : I . : I . 
hNCT 541 DLRSYLGDGPLQHYIAVSSPTNTTYWQYALANLTGTWNLTREQCQDPS 590 

ChNCT 599 KTPNAEKEMYDYAWVQGSLDPNSTSRVPYCVRSTVRLSKALSPAFELREW 648 

I ■ I : • ■ I : : I : I : I I I I . I . . I . I . I : I . I I I I I . I I : : I I I I I I I I . : I 
hNCT 5 91 KVPSENKDLYEYSWVQGPLHSNETDRLPRCVRSTARLARALSPAFELSQW 64 0 

ChNCT 649 GSTEYSTWTESRWKEIRARIFLVASKELEIITLVVGIAILVLSLIATHFI 698 
■ I I I I I I I I I I I I I : I I I I I I I : I I I I I I : I I I . II .. I I :. I I I . | :. | 

hNCT 641 SSTEYSTWTESRWKDIRARI FLI ASKELELITLTVGFGILIFSLI VTYCI 690 

chNCT 699 NAKADVLFSI PRDPGAVSY 717 

I I I I I I I I . . I I : I I I I I I 
hNCT 691 NAKADVLFIAPREPGAVSY 709 



Fig. 6. (Continued). 
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chBACE 1 Y VEMTVGS PPQKLN I LVDTGS SNFAVGAAPHPFLRRY YQRQL SST YRDLR 50 

I M M I I I I I I • I I I I I I I I I I I I I I I I I I I I I I . I I I I I I I I I I I M I I 
hBACE 1 YVEMTVGSPPQTLN I LVDTGS SNFAVGAAPHPFLHRY YQRQL SSTYRDLR 50 

chBACE 51 KGVYVPYTQGKWEGELGTDLVTIPHGPNVTVRANIAAITESDKFFINGSN 100 

I I I I M I I I I I II I I I I I I II : I I I I I I I I | M I I I M I I I I I I I I M I I 
hBACE 51 KGVYVPYTQGKWEGELGTDLVSIPHGPNVTVRANIAAITESDKFFINGSN 100 

ChBACE 101 WEGILGLAYAEIARPDDSLEPFFDSLVKQTQVPNIFSLQLCGAGFSPNET 150 

N I I M II I I I I I I I II I I I I I I I M I I I I • I I I : I I I I I M I I I .. I : : 
hBACE 101 WEGILGLAYAEIARPDDSLEPFFDSLVKQTHVPNLFSLQLCGAGFPLNQS 150 

chBACE 151 ETLASVGG SMIIGGIDR SLYVGDIWYTPIRKEWYYEVIIVKLE VNGQDLN 200 

I • I I I I I I I I I I I I I I . I I I . I .: I I I I I I : | | | | | | | | | :: | : | | | M . 
hBACE 151 EVLASVGGSMIIGGIDHSLYTGSLWYTPIRREWYYEVIIVRVEINGQDLK 200 

chBACE 201 tffiCKEYNYDKSIVDSGTTNLRLPKKVFEAAVKSIKTASSTEKFPDGFWLG 250 

I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I . I M I I I || I | | | | | 
hBACE 201 MDCKEYNYDKSIVDSGTTNLRLPKKVFEAAVKSIKAASSTEKFPDGFWLG 250 

chBACE 251 EQLVCWQVG-PPWHIFPVLSLYLMGEATNQSFRITILPQQYLGQWRNVAT 2 99 

I I I I I I I . I . I I : I I I | : | | | | | | | . | | | || | | | U I I I I I . . . . : I I I 
hBACE 251 EQLVCWQAGTTPWNIFPVISLYLMGEVTNQSFRITILPQQYLRPVE DVAT 300 

ChBACE 300 LKDDLPTGSTTLRPPTATVMGCCIQEGSTVALTGP 334 

• : I I = • = : • • I • I I I I . . I . I I . . I 

hBACE 301 SQDDCYKFAIS-QSSTGTVMGAVIMEGFYWFDRA 334 



Human BACE (501 aa) 




Chicken BACE fragment (334 aa) 
(aa 76-410 of human BACE) 



Fig. 6. (Continued). 
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chBACE2 


1 


HLLLNTELSSTYQSQGIEVTVKYSQGSWTGVLGTDWTIPKGIDGRYTIN 
• • • ■ : 1 1 • 1 1 1 1 : 1 : 1 . : 1 1 1 1 1 : 1 1 1 1 1 1 . : 1 . 1 : 1 1 1 1 1 1 . : . . : . : I 
DTYFDTERSSTYRSKGFDVTVKYTQGSWTGFVGEDLVTIPKGFNTSFLVN 


50 


hBACE2 


1 


50 


chBACE2 


51 


IATILESENFFLPGVKWHGILGLAYDTLAKPSSSVETFFDSLVKOAKIPN 
M 1 1 . 1 1 1 1 M 1 1 1 : 1- 1 : 1 1 1 1 I I I . I | I | | | | | : | | | | | | | | . | | . | | | 
IATIFESENFFLPGIKWNGILGLAYATLAKPSSSLETFFDSLVTQANIPN 


100 


hBACE2 


51 


100 


chBACE2 


101 


IFSLQMCGAGLPVSGSGTNGGSLVLGGIEPSLYKGNIWYTPIKEEWYYQV 
: 1 1 : 1 1 1 1 1 1 1 1 1 : 1 1 1 M 1 1 1 1 1 M 1 1 1 1 1 1 I 1 1 : 1 1 1 1 1 I I I I I M | : 
VFSMQMCGAGLPVAGSGTNGGSLVLGGIEPSLYKGDIWYTPIKEEWYYQI 


150 


hBACE2 


101 


150 


chBACE2 


151 


EILKLEVGGQNLELDCREYNADKAIVDSGTTLLRLPQKVFGAWQAIART 
1 1 M M : 1 1 1 : 1 • II 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I . I I I : I : | | . 
EILKLEIGGQSLNLDCREYNADKAIVDSGTTLLRLPQKVFDAWEAVARA 


200 


hBACE2 


151 


200 


chBACE2 


201 


SLIQEFSSGFWSGSQLACWDKTERPWSLFPKLSI YMRDENSSRSFRISIL 
1 1 1 • 1 1 1 • 1 1 1 = 1 1 1 1 1 1 1 • • : 1 • 1 1 1 - 1 1 1 : 1 1 1 : 1 1 1 1 1 II 1 II I : I | 
SLIPEFSDGFWTGSQLACWTNSETPWSYFPKISIYLRDENSSRS FRIT I L 


250 


hBACE2 


201 


250 


chBACE2 


251 


PQLYIQPILGIGENLQCYRFGISSSTNALVIGATVMEGFYVIFDRAQRRV 

1 M 1 1 II :: 1 . 1 .1 .: I 1 1 I 1 1 1 • 1 1 1 1 1 1 1 1 1 1 1 1 I I I | 1 1 1 1 1 1 1 : 1 1 
PQLY IQPMMGAGLNYEC YRFGI S PSTNALVI GATVMEGFYVI FDRAQKRV 


300 




£ JI 


300 


chBACE2 


301 


GFAVSPCAEVDGSPVSEIEGPFTTTDVASNCVSSITFHEPVLWIASYALM 
M 1 ■ 1 1 1 1 1 :• 1 :. 1 1 1 1 . 1 1 1 : I . I | I | | M .:.:.. | | : H 1 • M 1 II 
GFAASPCAEIAGAAVSEISGPFSTEDVASN'CVPAQSLSEPILWIVSYALM 


350 


hBACE2 


301 


350 


chBACE2 


351 


SLCGIILLILIILLLIPPRCQHRYTDNDWNDESSLVRHRWK 392 
1 : M • M 1 : 1 1 : II 1 : 1 . 1 1 1 . 1 . . I . : I I I | | | | | | | | M | 
SVCGAILLVLIVLLLLPFRCQRRPRDPEWNDESSLVRHRWK 392 




hBACE2 


351 





Human BACE2 (518 aa) 



Chicken BACE2 fragment (392aa) 
(aa 127-518 of human BACE2) 
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chNEP 
hNEP 


1 

1 


-MGKSESQMDITEMNAPKPKKKLRWSGLEIGLTWVILLAIVAITMIVLYA 
1 1 1 1 1 1 1 1 1 1 1 : : 1. 1 1 1 1 1 I . I I : . | | | . | : | : | : | | . | : | : | | | . | | | 
MGKSESQMDITDINTPKPKKKQRWTPLEISLSVLVLLLTI IAVTMIALYA 


50 
50 


chNEP 
hNEP 


51 
51 


TYDDGVCKTSDCIKSAARIIENMDTTAEPCNDFYQYACGGWLKRNVIPET 
1 1 1 1 1 : 1 1 : 1 1 1 1 1 1 1 1 1 : 1 : 1 1 1 . 1 . 1 1 1 . 1 1 :: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 
TYDDGICKSSDCIKSAARLIQNMDATTEPCTDFFKYACGGWLKRNVIPET 


100 
100 


chNEP 
hNEP 


101 
101 


SSRYSNFDILRDELEVVLKDVLDTPSSNDITAVQKAKTLYRSCINETTID 
1 1 M . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 .. I .:. | | . | | | | | | . | | | | | | | | : . | | 
SSRYGNFDILRDELEVVLKDVLQEPKTEDIVAVQKAKALYRSCINESAID 


150 
150 


chNEP 


151 


SRGGMPLISLLANLSEWPVATNNWESSYGAAWTAETAIAQLTSRYGKKVL 
1 1 1 1 • 1 1 : . 1 1 . : : . . 1 1 1 1 1 . I I I . . | | I : | | | | . | | | | | . | : | | | | | | 
SRGGEPLLKLLPDIYGWPVATENWEQKYGASWTAEKAIAQLNSKYGKKVL 


200 


hNEP 


151 


200 


chNEP 
hNEP 


201 
201 


INFFVGTDDKNSTAHI IHI DQPGLGLPSRDYYECTGAYQEACSAYVDFMI 
H . 1 M 1 1 1 1 1 1 .. 1 : 1 1 1 1 1 1 . 1 1 1 1 II 1 1 1 I 1 1 1 . 1 : 1 1 I : 1 I 1 I I I | 
INLFVGTDDKNSVNHVIHIDQPRLGLPSRDYYECTGI YKEACTAYVDFMI 


250 
250 


chNEP 


251 


SVAKLILQERNITFNETQIAEEMKRVMDLEKEIANATTKSEDRNDPLLLY 
1 1 1 : 1 1 • 1 1 . . : . . : 1 . 1 : 1 . 1 1 . : I I : I I | | | | | | | . | . | | | | | | : | | | 
SVARLIRQEERLPIDENQLALEMNKVMELEKEIANATAKPEDRNDPMLLY 


300 


hNEP 


251 


300 


chNEP 


301 


NKMTLAQLQNNFSLEINHMAFNWSKFINNIMSTVQIDVENTEHWXYDPE 
1111111:111111111. ..1:1. .1.1. Mill. I.:. I. I. II I. II 
NKMTLAQIQNNFSLEINGKPFSWLNFTNEIMSTVNISITNEEDWVYAPE 


350 


hNEP 


301 


350 


chNEP 
hNEP 


351 
351 


YLTKLKSILNKYTPRELQNYMIWRFVMDLVNSLSRNYKDTRNAFRKALYG 
1 1 1 1 1 1 • 1 1 • 1 1 = ■ 1 : 1 1 1 ■ 1 • 1 1 1 : 1 1 1 1 : 1 1 1 1 . 1 1 : : 1 1 1 1 I 1 I I I I 
YLTKLKPILTKYSARDLQNLMSWRFIMDLVSSLSRTYKESRNAFRKALYG 


400 
400 


chNEP 
hNEP 


401 
401 


TTSETAVWRRCANYVNGNMENAVGRLYVQEAFAGDSKHWEEMIADIRGV 
1 1 1 1 1 1 • 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II II 1 : . 1 1 1 1 : 1 1 1 1 1 1 : : 1 I . I I . I 
TTSETATWRRCANYVNGNMENAVGRLYVEAAFAGESKHWEDLIAQIREV 


450 


chNEP 
hNEP 


451 
451 


FIETLDDLTWMDAETKKKAEQKATAIKERIGYPDEIMTDDSKLNSEYQEL 
ll:llllllllllllll:ll:||.||||||||||:|:::|:|||:||.|| 
FIQTLDDLTWMDAETKKRAEEKALAIKERIGYPDDIVSNDNKLNNEYLEL 


500 
500 


ChNEP 
hNEP 


501 
501 


NYKEEEYFENIIQNLVFTQKKRLKKLREKVDKEEWISGAAWNAFYSASR 
1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 . 1 : 1 . 1 : M 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 I 1 I I I I I | :. | 
NYKEDEYFENIIQNLKFSQSKQLKKLREKVDKDEWISGAAWNAFYSSGR 


550 
550 


chNEP 
hNEP 


551 
551 


NQIVFPAGILQPPFFSASQPKSLNYGGIGMV1GHEITHGFDDNGRNFNEN 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1' . - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 : : 
NQIVFPAGILQPPFFSAQQSNSLNYGGIGMVIGHEITHGFDDNGRNFNKD 


600 
600 


chNEP 
hNEP 


601 


GDLVDWWTEESARNFKDLSQCMVYQYGNFSWDLAGGQQLSGINTLGENIA 
1 1 1 1 1 1 1 1 :: 1 1 ■ 1 1. 1 :■ 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 : 1 1 1 1 1 1 1 1 1 1 
GDLVDWWTQQSASNFKEQSQCMVYQYGNFSWDLAGGQHLNGINTLGENIA 


650 
650 


chNEP 


651 


DNGGVRQAYKAYENFVKKNGKEKLLPGLDMNHQQLFFLNFAQVWCGTYRP 
1 1 1 1 : - 1 1 1 : 1 1 : 1 :: 1 1 1 1 : 1 1 1 1 1 1 1 1 : 1 I-: 1 1 1 1 1 1 1 1 1 1 1 I I I I | | 
DNGGLGQAYRAYQNYIKKNGEEKLLPGLDLNHKQLFFLNFAQVWCGTYRP 


700 


hNEP 


651 


700 


chNEP 
hNEP 


701 
701 


EYAVNSIKTDVHSPGKFRVIGSLQNSPEFSEAFSCTTKSYMDPAKKCRVW 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 • 1 1 : 1 1 : 1 1 1 1 . II 1 1 1 1 . 1 ... I I I : I . I I | | | | 
EYAVNSIKTDVHSPGNFRIIGTLQNSAEFSEAFHCRKNSYMNPEKKCRVW 


750 
750 
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chADAM17 
hADAM17 
chADM17 
hADAMl 7 
chADAM17 
hADAMl 7 
chADAMl 7 
hADAMl 7 
ChADAMl 7 
hADAMl 7 
chADAMl 7 
hADAMl 7 
ChADAMl 7 
hADAMl 7 
chADAMl 7 
hADAMl 7 
chADAMl 7 
hADAMl 7 
chADAM17 
hADAMl 7 
chADAMl 7 
hADAMl 7 
ChADAMl 7 
hADAMl 7 
chADAMl 7 
hADAMl 7 
chADAMl 7 
hADAMl 7 
chADAMl 7 
hADAMl 7 
chADAMl 7 
hADAMl 7 
chADAMl 7 
hADAMl 7 



1 MRLR-LWLVSALALLWAPGGLQALGRLPREQRYDAVESMLSNYDILSQSS 

1:1-1.:. -.11 I.. I .11.:. ::|:||:|||||. |: 

-HQRLEKLDSLLSDYDILSLSN 



1 MRQSLLFLTSVVPFVLAPRPPDDPGFGP- 



50 IQQHSLKKRDLQPETHVERLLSFSALQRHFKLYLTATAEHFSERFQALIV 
I I I I I : : I I I I I . . I I I I . I I : I I I I : I I I I I I | | : : . | . | | : . | : . : : | 
IQQHSVRKRDLQTSTHVETLLTFSALKRHFKLYLTSSTERFSQNFKVWV 



50 



100 DGEGKEKEYRVQWQDFFTGHVVGEHNSKWAHIGDEDFTVRINTDGEEYN 
II: ■ I • I I • I = I I I I I I I I I I I I .: I :| : I I I .1 : I ..: | | | | | | . | | | 
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Fig. 6. (Continued). 
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one-third of their life spans), but the brains of these hens 
are similar to those of either 2 or 14 months old, and they 
lack amyloid deposits. 

CONCLUSION 

Our study reveals that the chick embryo is a new, natural (no 
transgenic), and, in turn, experimental model for research in 
APP processing, which expresses the complete machinery 
for the amyloidogenic and non-amyloidogenic processing of 
APP, as well as for the degradation of Ap. It appears there- 
fore as a natural model to study the cell biology and devel- 
opmental function of APP and, in addition, it may be a suit- 
able model system for the assay of drugs that regulate APP 
processing. It is well known that the appearance of cerebral 
amyloid deposits and plaques in natural models is related to 
aging. It is of interest to research what molecular machinery 



exists in the embryos and young beings that prevents the 
formation of Ap deposits and/or the neurotoxicity of Ap. 
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Factors governing one-trial 
contextual conditioning 
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University of California, Los Angeles, California 

When a rat was placed in a chamber and shortly thereafter received a single footshock, it showed 
conditional freezing upon re-expoaure to that chamber but not a different one (Experiment 1). 
Experiments 2-4 showed that the probability of this freezing decreased linearly with decreases 
in the delay between placement in the chamber and shock delivery. With very short delays (e.g., 
less than 27 sec), there was no freezing. Experiments 2 and 3 demonstrated that a 2-min pre- 
exposure to the chamber, 24 h prior to shock delivery, reduced the minimum delay necessary 
to successfully condition freezing. Experiment 4 demonstrated that shorter delays were success- 
ful in conditioning freezing if a salient tone was a component of the contextual stimulus. The 
changes in freezing caused by delay interval and preexposure did not simply reflect the total 
time in the context, suggesting that there may be two requirements that place temporal restric- 
tions on the conditioning of the freezing response. One is satisfied by sufficient exposure, whether 
or not that exposure is contiguous with shock. The second requirement is for a small amount 
of context exposure that is contiguous with shock. 



If a rat receives a single aversive electric shock shortly 
after it is placed in a distinctive environment, the rat will 
exhibit a freezing response in that environment (see, e.g., 
Fanselow, 1980). This response is clearly a conditional 
response (CR) rapidly conditioned to the prevailing con- 
textual cues. There is an important boundary condition 
on this finding; there must be a delay between placement 
in the chamber and shock delivery. If shock is delivered 
simultaneously with placement, no freezing is found (R. J. 
Blanchard, Fukunaga, & D. C. Blanchard, 1976; Fan- 
selow, 1986). Freezing increases linearly with increasing 
placement-shock delays up to at least 2 min (Fanselow, 
1986). This boundary condition on postshock freezing has 
been termed the immediate shock freezing deficit (ISD), 
and it is caused by a failure of the animal to associate the 
contextual stimuli present at the time of shock with the 
shock (Fanselow, 1986). The purpose of the present ex- 
periments was to further characterize the ISD and, in par- 
ticular, to explore some factors that might reduce it. 

EXPERIMENT 1 

One line of evidence indicating that freezing is a CR 
to contextual cues associated with shock is that changing 
the contextual stimuli between shock and testing reduces 
freezing in both delayed and immediate tests. Although 
there is a plethora of demonstrations of this context shift 
effect (e.g., R. J. Blanchard & D. C. Blanchard, 1969; 
Bolles & Collier, 1976; Fanselow, 1980, 1981, 1984; 
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Fanselow & Baackes, 1982), the two studies in which 
the ISD was reported did not contain this manipulation. 
Since the parameters used to demonstrate the ISD were 
somewhat different— for example, only a single long shock 
(2 sec) rather than multiple brief shocks (3 X 0.75 sec)— 
Experiment 1 provided a demonstration that context shifts 
do indeed reduce freezing when such unconditional stimu- 
lus (US) delivery parameters are used. Delayed as opposed 
to immediate shock was examined, because with immediate 
shock there is no freezing to attenuate with a context shift. 

Method 

Subjects. The subjects were 24 female rats derived from Long- 
Evans stock purchased from Blue Spruce Farms (Altamont, NY). 
The rats were group-housed until 10 days before the experiment, 
when they were housed individually. During those 10 pre- 
experimental days, the rats were adapted to handling and transport 
to the laboratory. At the start of the experiment, they weighed be- 
tween 260 and 310 g and were 100 days old. Experimental proce- 
dures were conducted during the lighted portion of a 14: 10-h 
light:dark cycle. The rats always had ad-lib access to water and 
rat chow. 

Apparatus. The apparatus consisted of two different observa- 
tion chambers, each of which was located in a sound- and light- 
attenuating chest. Clear acrylic plastic double-paned windows 
(30x30 cm) in the chests allowed observation. 

The test chamber was 23.5x29x19.5 cm. The 23.5-cm walls 
and ceiling were made of transparent acrylic plastic. The 29-cm 
walls were stainless steel. Operant manipulanda were on one steel 
wall but were not used in these experiments. The rear plastic wall 
had a 15.5-cm-diameter speaker mounted at its center. Several small 
holes were drilled in the section of plastic that covered the speaker. 
These speakers were not used in this experiment. A 7.5-W (120-V) 
red light bulb, centered 12.5 cm above the ceiling of the chamber, 
provided illumination. Background noise (65 dB, A scale) was 
provided by ventilation fans. The grid floor was made up of 18 
stainless steel rods (2.5 mm in diameter) spaced 1.25 cm center 
to center. Prior to each placement of a subject in it, the test cham- 
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ber was cleaned with an ammonium hydroxide solution (5% in tap 
water). 

The different chamber was a 30.3-cm cube. It was constructed 
of opaque white acrylic plastic, except for the ceiling and front wall, 
which were clear. The chamber was illuminated by two white lights 
(7.5 and 15 W) mounted on the ceiling of the sound-attenuating 
chest directly over the chamber. The fans of the sound-attenuating 
chest were left off when a rat was in this box. This chamber was 
cleaned with a 2% acetic acid and tap water solution. It also had 
a grid floor composed of 18 brass rods (3 mm in diameter) spaced 
1 .5 cm apart. 

The floors of each of the chambers were wired to a Grason-Stadler 
shock generator/scrambler with an output to each rod that provided 
a 2.0-sec, nominally 1-mA shock. 

Procedure. The rats were equally divided into three groups, in 
a random manner. On Day I of the experiment, two groups of rats 
were individually placed in the test chamber, and 2 min later, the 
rats in one of these groups (same-shock) received a single shock. 
Nothing happened to the other group (same- no-shock). The third 
group was placed in the different chamber, and 2 min later they 
received shock (different-shock). All rats were returned to the home 
cage 2.5 min after placement (i.e., 30 sec after shock). On the next 
day, all the rats were placed in the test box for an 8-min observa- 
tion period. Observation was carried out according to a time- 
sampling procedure. Every 8 sec, each rat was judged as either 
freezing or active during the test, this judgment of the behavior 
being made at the instant that the sample was taken. Freezing was 
defined as the absence of visible movement, except for the minor 
movements required by respiration. All other behavior was consid- 
ered active. The observer was blind to the previous treatment of 
the animal. 

Results and Discussion 

The design of this experiment as well as the other studies 
in this series meant that there would be certain groups 
that froze; others would evidence no freezing. This means 
no variance in some groups, as well as heterogeneity of 
within-group variance between the various conditions. 
Therefore, nonparametric statistics were used in all ex- 
periments. An initial overall test was made with a 
Kruskal-Wallis analysis followed by pairwise contrasts 
using the Mann-Whitney test. 

The median group data are presented in Figure 1 . There 
was an overall difference between groups [H(2) ^ 9.62, 
p < .05]. The rats tested in the chamber in which they 
were shocked froze more than the rats that were shocked 
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Figure 1. The median percentage of samples scored as freezing 
for the three groups of Experiment 1. 



in a different chamber [U(S,&) = U,p < .05]. Indeed, 
the different-shock animals did not differ reliably from 
the no-shock animals [C/(8,8) = 21], which essentially 
did not freeze. As in several previous studies, these data 
indicate that freezing is a CR to the apparatus cues preva- 
lent at the time of shock. 

EXPERIMENT 2 

Experiment 1 showed that a 2-min exposure to the en- 
vironment immediately before shock resulted in signifi- 
cant conditioning to contextual cues. In previous work on 
the ISD, I found that if this exposure is temporally dis- 
contiguous from shock, little freezing occurs (Fanselow, 
1986). In other words, preexposure does not alleviate the 
ISD. In those studies, the intervals between removal from 
the chamber and shock ranged from 15 min to 24 h. Al- 
though none of the preexposed groups differed from no- 
shock controls, mean group freezing in the preexposed 
rats varied from 1% to 7%. In no-shock controls, the 
mean freezing was 0%. Thus, it is possible that pre- 
exposure had an effect on the ISD that my test procedure 
was not sensitive enough to detect. The ISD is a graded 
phenomenon in that freezing increases linearly with de- 
lays of 0-81 sec between chamber placement and shock. 
Perhaps testing preexposed animals with a 0-sec delay was 
too stringent a test. Therefore, in Experiment 2, I ex- 
amined the temporal delay gradient between placement 
in an observation chamber and shock in a manner similar 
to the previous procedure (Fanselow, 1986, Experi- 
ment 2). This function was compared for animals that had 
received a 2-min preexposure to the chamber 24 h earlier 
and those that had no such preexposure. This allowed 
comparison of preexposed and nonpreexposed animals at 
several delays to see whether there is some minimal de- 
lay interval at which preexposure results in an associa- 
tive benefit. As in the first experiment, tests of freezing 
were conducted 24 h after shock. 

Method 

Subjects and Apparatus. The subjects were 78 adult female rats 
born and raised from Charles River Sprague-Dawley stock. Pre- 
experimental treatment was identical to that of the first experiment. 
The test chamber of Experiment 1 was used. 

Procedure. On Day 1, a random half of the animals were re- 
moved from their home cages, transported to the laboratory, placed 
in the chamber for 2 min, and then returned to the home cages. 
The other half were transported to the laboratory but then immedi- 
ately returned to the home cages. 

On Day 2, all the animals were placed in an observation cham- 
ber. For animals that had been preexposed the day before, this was 
the same chamber that they had been exposed to earlier. Shock was 
delivered ,1, 3, 9, 27, or 81 sec after placement in the chamber. 
This assignment was determined randomly, except that it was 
balanced so as to be equated with the preexposure condition. All 
groups consisted of 8 subjects, except for the nonpreexposed 9-sec 
delay group and the nonpreexposed 81 -sec group. Those groups 
had 7 subjects each. All rats were removed from the chamber 30 sec 
after shock termination and returned to their home cages. 

On Day 3, the rats were returned to the chambers that they had 
been exposed to the day before and were left there, undisturbed, 
for a 5-min test. Freezing was again analyzed with nonparametric 
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statistics. Since I was looking to see whether a benefit of preexposure 
would occur at any of the intervals, the a priori planned comparisons 
were pairwise comparisons between preexposed and nonpreexposed 
rats at each interval. These were made with Mann- Whitney tests 
when the overall Kruskal-Wallis analysis proved reliable. 

Results and Discussion 

The median percentages of samples scored as freezing 
for each group are presented in Figure 2. As can be seen 
in the figure, freezing increased as delay increased, 
replicating earlier work done on this temporal function. 

The overall Kruskal-Wallis analysis indicated a differ- 
ence between groups [H(9) = 31.91,p < .01]. Contex- 
tual preexposure reliably increased freezing at the 9-sec 
delay interval [t/(8,7) = 9.5, p < .05], However, the 
preexposed and nonpreexposed animals did not differ from 
each other at any other interval. 

It should be noted that the nonpreexposed controls were 
merely handled, rather than exposed to a different con- 
text. In subsequent research, we have determined that 
2 min of preexposure to a different context immediately 
before shock does not alleviate the ISD. Therefore, while 
the present experiments do not conclusively prove that 
the preexposure must be to the shock context, that condi- 
tion seems quite likely. 

Earlier, I reported that contextual preexposure does not 
overcome the immediate (i.e. , a 0-sec delay) shock freez- 
ing deficit (Fanselow, 1986). The present results extend 
those findings to delays of 1 and 3 sec. However, pre- 
exposure facilitated conditional freezing if the delay be- 
tween contextual placement and shock was 9 sec. With 
longer delays, preexposure lost its effect. This suggests 
that the effects of preexposure are not just a general facili- 
tation of freezing but rather a reflection of a more specific 
attenuation of the ISD. 

Note that, the changes in freezing caused by delay in- 
terval and preexposure do not simply reflect cumulative 
time in the context. For example, the preexposed 1-sec 
delay animals spent a total of 12 1 sec in the chamber prior 
to shock but froze reliably less than the nonpreexposed 
81-sec delay animals [U(8,7) = 4,p < .01]. This pat- 
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Figure 2. The median percentage of samples scored as freezing 
during the test session of Experiment 2, as a function of placement - 
shock delay and context preexposure. 
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Figure 3. The median percentage of samples scored as freezing 
during the test session of Experiment 3, as a function of placement- 
shock delay and context preexposure. 



tern of results suggests that two factors may place tem- 
poral restrictions on the conditioning of the freezing 
response. One is satisfied by sufficient exposure, whether 
or not that exposure is contiguous with shock, and a sec- 
ond requires a small amount of contiguous exposure with 
shock. 

EXPERIMENT 3 

Experiment 3 was intended to replicate the findings of 
the second experiment. A different strain of rats was used 
to increase the generality of the findings. 

Method 

Subjects. Sixty adult female rats of Long-Evans descent served 
as subjects. These rats were bred from Blue Spruce Farms stock. 
All treatments of these rats were similar to those in the earlier ex- 
periments. 

Apparatus. The equipment was that of Experiment 2. 

Procedure. The procedure was identical to that in Experiment 2, 
with the exception that delay intervals of 0.5, 9, 27, and 162 sec 
were used. The longer interval was chosen in the hope of finding 
a nonmonotonic relationship between delay and freezing that might 
be expected on the basis of latent inhibition. There were 8 subjects 
in each of the groups that had 9- and 27-sec delay intervals. There 
were 7 subjects in each of the other groups. The same blind obser- 
vation procedure was used. 

Results and Discussion 

The data, presented in Figure 3, were analyzed in the 
same manner as in the earlier experiments. An overall 
Kruskal-Wallis analysis indicated a reliable difference be- 
tween groups [H{1) = 34.64,p < .01]. Contrasts made 
with the Mann-Whitney test indicated that the preexposed 
. and nonpreexposed groups differed only at the 27-sec in- 
terval [(7(8,8) = 13, p = .05]. 

The pattern of results is generally consistent with that 
in Experiment 2, replicating and extending those findings 
to another strain of rat. Freezing increased monotonically 
with delay. Again, the effects of preexposure were mani- 
fest only at an intermediate delay interval, not short or 
long intervals. One difference between the two experiments 
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was that preexposure^ effects were manifest at 27 sec but 
not 9 sec in Experiment 3, whereas the reverse was true 
of Experiment 2. But because between-experiment com- 
parisons are not reliable, it would be premature to con- 
clude that this represents a strain difference. 

EXPERIMENT 4 

The ISD may be viewed as being somewhat similar to 
the simultaneous conditioning deficit suggested by tradi- 
tional Pavlovian theory. For example, Hilgard and Mar- 
quis (1940) state that "the procedure of conditioning in 
which the onset of conditioned and unconditioned stimuli 
is coincident ... is ordinarily an unfavorable relationship 
for conditioning" (p. 351). However, several reasons sug- 
gest that this simultaneous conditioning account of the ISD 
is inadequate. First, within traditional Pavlovian theory, 
it is usually thought that a delay of even a fraction of a 
second between the conditional stimulus (CS) and US is 
sufficient to result in strong conditioning (Hilgard & Mar- 
quis, 1940, p. 44; Pavlov, 1927, p. 88), but as was seen 
in Experiments 2 and 3, the ISD is still apparent with de- 
lays of several seconds. Second, an explanation of the ISD 
in terms of simultaneous conditioning does not explain 
why preexposure can overcome the deficit at intermedi- 
ate intervals. Third, the simultaneous conditioning deficit 
is more a description of a result than an explanation of 
that result. In this regard, it is quite possible that any ex- 
planation of the ISD would also provide an explanation 
of the simultaneous conditioning deficit. 

In addition, more recent work in Pavlovian condition- 
ing suggests that a delay between CS onset and US onset 
is not necessary for the production of strong associations 
(e.g., Burkhardt & Ayres, 1978; Rescorla, 1980; Shurt- 
leff & Ayres, 1981). A finding by Ayres and his col- 
leagues (Ayres, Haddad, & Albert, 1987) is of 'special 
relevance to the phenomenon under consideration here. 
These researchers found that a single backward pairing 
of an auditory CS and a shock US was sufficient for the 
conditioning of the freezing response to the CS. At first 
glance, the Ayres et al. finding of conditional freezing 
with a single backward conditioning trial might appear 
inconsistent with the ISD. This is because one-trial back- 
ward conditioning was successful (Ayres et al.), whereas 
one-trial simultaneous conditioning was not (the ISD). One 
difference between the two sets of studies is that the ISD 
was found by using contextual cues as CSs, whereas 
Ayres' group used more traditional discrete auditory cues 
as CSs. This points to the possibility that the cause of the 
associative deficit responsible for the ISD resides in some 
inherent difference between these two types of QSs. One 
potentially important difference is that a contextual CS 
is composed of a complex array of stimuli, none of which 
is particularly salient in comparison with the more uni- 
dimensional and salient discrete CS used by Ayres et al. 
Therefore, in Experiment 4, the effects of adding a sim- 
ple salient cue (tone) on the delay function were examined. 



Method 

Subjects. The subjects were 40 Long-Evans rats similar to those 
in Experiments I and 3. 

Apparatus. The apparatus was that of Experiment 2. However, 
a 10-kHz tone was presented at 78 dB (A scale) through the speaker. 

Procedure. The procedure was like that for the nonpreexposed 
animals of Experiments 2 and 3. However, delay intervals of 1, 
41 . 54, and 162 sec were used. The short and long intervals were 
chosen to set boundary conditions for the ISD. The intermediate 
intervals were chosen because pilot work had shown that a tone 
had no effect on freezing with intervals of less than 30 sec. Half 
of the animals at each delay interval had the tone continuously on 
while they were in the chamber. The tone turned on as the animals 
were being placed in the chamber. For the tone animals, the tone 
was present on both the training and the testing day. The other half 
of the rats never heard the tone. There were 5 subjects in each of 
the 8 groups. 

The same blind time-sampling procedure was used. In addition, 
a co-observer who was also uninformed about the rats" group as- 
signments simultaneously observed a portion of the animals. 

Results and Discussion 

The two observers showed high interobserver reliabil- 
ity for the dependent measure [r(7) = .99), with inter- 
observer agreement on 97% of the samples. Only the data 
of the author are reported. 

The data are presented in Figure 4. Statistical analysis 
was done as in the previous experiments. An overall 
Kruskal-Wallis test of significance proved reliable 
[HO) = 25.59, p < .01]. Mann- Whitney contrasts found 
that the tone and no-tone groups differed reliably only at 
the 41-sec interval [f/(5,5) = 3, p < .05; one-tailed]. 
The trend at 54 sec was not reliable [1/(5,5) = 8, p > A). 

These data suggest that there is a difference when a CS 
consists of contextual cues alone, as opposed to contex- 
tual cues compounded with a salient element like the tone 
used here. The presence of such a distinctive element 
seems to facilitate association formation. This suggests 
that one important difference between the studies of Ayres 
et al. (1987) on one-trial backward conditioning of freez- 
ing and the ISD studies consists in the nature of the tar- 
get stimulus. 
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Figure 4. The median percentage of samples scored as freezing 
during the test session of Experiment 4, as a function of placement - 
shock delay and the presence of a tone. 



268 FANSELOW 

GENERAL DISCUSSION 

Previous work (R. J. Blanchardet al., 1976; Fanselow, 
1986) demonstrated that a brief period of time between 
the first placement in a particular context and delivery 
of electric footshock is necessary in order„to find a post- 
shock freezing response. When shock is delivered simul- 
taneously with placement in the chamber, no postshock 
freezing is found. The failure to obtain freezing under 
these conditions has been termed the immediate shock 
freezing deficit, or ISD, and it appears to arise from a 
failure of the rats to form an association between the con- 
textual cues and shock (Fanselow, 1986). The present ex- 
periments demonstrate that preexposure to the context or 
the presence of a salient auditory stimulus, although it does 
not eliminate the ISD, shortens the time period necessary 
to obtain detectable levels of postshock freezing. 

A question of obvious importance is what is responsi- 
ble for the associative deficit that causes the ISD. Earlier 
(Fanselow, 1986), I considered and dismissed two obvi- 
ous alternatives: the simultaneous conditioning deficit (see 
also the introduction to Experiment 4 of this paper) and 
the overshadowing of the context by handling cues. The 
same arguments made then apply to these experiments. 
In addition, neither of those explanations accounts for the 
effect of preexposure or of adding a tone stimulus. 

Another possibility is that handling automatically causes 
a short disruption of stimulus processing. However, two 
different approaches have been taken to reduce the im- 
pact of handling. In my experiments, the rats were ex- 
tensively adapted to handling prior to the. experiment, so 
any detrimental effects of handling were' minimized in all 
groups. In the R. J. Blanchard et al. (1976) experiment, 
the rats were not adapted to handling, but the delayed- 
shock rats were given an additional handling just before 
shock. Thus, their design maximized any detrimental ef- 
fects of handling, and, in addition, those effects should 
have been greater in the delayed-shock animals because 
they were handled twice before shock. It is important that 
both sets of studies revealed a complete loss of freezing 
with immediate shock, despite these different strategies. 
Also, when handling is interposed between shock and im- 
mediate postshock testing, handling does not affect freez- 
ing (see Fanselow, 1982, Experiment 3). Finally, a 
momentary disruption caused by handling provides no in- 
sight into the effects obtained with preexposure or tone 
in Experiments 2-4. 

The ISD suggests that exposure to the CS prior to rein- 
forcement facilitates conditioning. The most analogous 
effect previously reported in the conditioning literature 
is that of perceptual learning (Gibson & Walk, 1956; Hall, 
1980). However, several procedural requirements that are 
necessary to demonstrate the perceptual learning effect 
(see Channell & Hall, 1981; Hall, 1980) make its appli- 
cation to the ISD dubious. Perceptual learning is seen af- 
ter CS exposure durations far greater than those used here. 
For example, Chantrey (1972) used some of the briefest 
intervals in the perceptual learning literature and found 



that discrimination learning was enhanced more by 
100 min of exposure than it was by 30 min of exposure. 
The effects obtained in the present experiments resulted 
from intervals of 2 min or less. Perceptual learning does 
not occur when the exposure occurs in the conditioning 
context, yet the ISD is specifically related to exposure to 
the conditioning context. Finally, the perceptual learning 
effect is relevant to the rapidity of discrimination forma- 
tion between two preexposed stimuli (e.g., Bateson & 
Chantrey, 1972), but the ISD requires no specific dis- 
crimination. One might argue that in examining freezing 
in response to a context, one is really examining a dis- 
crimination between the test context and the home cage. 
However, if this analogy is made, then the preexposure 
manipulation used in Experiments 2 and 3 is really pre- 
exposure to both discriminanda in comparison with pre- 
exposure to only one discriminandum (the S-, i.e., the 
home cage) for the controls. Since perceptual learning 
research has generally resulted in better discrimination 
when only one of the discriminanda is preexposed (e.g., 
Chantrey, 1972), the pattern obtained here is opposite to 
those data. Thus the ISD should not be thought of as an 
instance of perceptual learning as it is defined in that liter- 
ature. In a general sense, it is certainly possible that some 
sort of perceptual learning is involved in the ISD (see be- 
low), but the issues raised by the literature on the per- 
ceptual learning effect and the procedures used to inves- 
tigate it do not seem readily applicable to the ISD. 

A speculative explanation of the ISD can be developed 
out of Pavlov's conceptualization of a dynamic stereotype 
(Pavlov, 1955, 1962). Pavlov (1962) suggested that when 
an animal is confronted with a novel, complex array of 
stimuli, its cortical activity is chaotic. Eventually, 
however, the. effects of these stimuli "become systema- 
tized, equilibrated, and form, so to speak, a dynamic 
stereotype" (Pavlov, 1962, p. 124). It is conceivable that 
before the complex array of stimuli referred to as a con- 
textual CS can enter into an association with a US, that 
stimulus array must be synthesized into just such a dy- 
namic stereotype. This synthesis would take a period of 
time during which the subject was exposed to the partic- 
ular stimulus array. One contributing factor to the delay 
gradient of the ISD may be the time necessary for this 
synthesis to occur. In addition, one might assume that if 
the dynamic stereotype was not currently active but rather 
was stored in memory, a brief period of re-exposure to 
the stimulus array would be necessary to retrieve it and 
make it active. A second component contributing to the 
delay gradient corresponds to this retrieval time. This ex- 
planation fits the present data quite well. If context ex- 
posure is contiguous with shock, then the only time needed 
will be that necessary to form the dynamic stereotype, 
for it will be active when shock occurs. Preexposure to 
a context allows the animal to form the stereotype, but 
immediate shock does not give adequate time for the previ- 
ously formed stereotype to be activated prior to shock. 
However, in preexposed animals, only a brief re- 
exposure, long enough to retrieve the stereotype from 



CONTEXTUAL CONDITIONING 269 



memory, is needed for association formation. In Experi- 
ments 2 and 3, it seemed that it took somewhere between 
9 and 27 sec for this reactivation to occur. 

One could apply a similar logic to the effects found with 
the tone. Placement of a highly salient stimulus, such as 
a loud tone, in the stimulus array causes the activity pro- 
voked by that stimulus to dominate the dynamic stereo- 
type. This essentially simplifies the dynamic stereotype, 
so that a briefer period is required for its synthesis. 

There are two ways to conceptualize the process of for- 
mation of the dynamic stereotype. One is to conceive of 
it as neural activity in much the way that Pavlov did. Elec- 
trical activity in various brain regions does become more 
uniform with repeated presentations of a stimulus com- 
pound (John, 1972; Schuckman & Battersby, 1965). 
Perhaps these changes in neural activity reflect the for- 
mation of this synthesis. Another approach to this process 
is to view the context as consisting of independent ele- 
ments of a compound. When provided with sufficient ex- 
posure to the compound, the animal forms associations 
between its various elements (see, e.g., Rescorla & Fre- 
berg, 1978). These within-compound associations unify 
the context into an associative structure capable of enter- 
ing into association with the US. With the experimental 
procedures used here, such associative processes appear 
to be relatively complete by 81 sec. 

The present experiments, along with others (R. J. Blan- 
chard et al., 1976; Fanselow, 1986), indicate that pre- 
exposing a CS prior to conditioning can facilitate associ- 
ation formation. This contrasts with perhaps the most 
familiar effect of CS preexposure— its ability to retard as- 
sociation formation that has been termed latent inhibition 
(Lubow, 1973). Perhaps, as Pavlov suggested, with 
enough experience the dynamic stereotype becomes ' 'lit- 
tle susceptible to change and resistant to new conditions 
and new stimulations'* (1955, p. 259). Thus there may 
be a nonmonotonic effect of preexposure, with short du- 
rations that just allow synthesis of the dynamic stereotype 
facilitating association formation, but with longer durations 
rendering the stereotype immutable, the result being la- 
tent inhibition. In this regard, work in my laboratory (e.g., 
Fanselow, 1986, and unpublished observations) suggests 
that no further increases in postshock freezing occur with 
delay intervals over 3 min. R. J. Blanchard, Dielman, and 
D. C. Blanchard (1968) found reduced freezing after 24 h 
of delay relative to animals with 30 min of delay. In ad- 
dition, Balaz, Capra, Kasprow, and Miller (1982) found 
significant latent inhibition of associations between a con- 
textual CS and a shock US following four exposures, each 
of which was 1 h long. Therefore, it appears that the 
facilitative effects of contextual exposure seem to ap- 
proach asymptote after only a few minutes; after that, a 
substantial additional period of contextual exposure is 
needed for the retarding or latent inhibitory effects of 
preexposure to become manifest. Elsewhere, I (Fanselow, 
1989) have confirmed this nonmonotonic pattern for to- 
tal context exposure by giving rats a single shock after 
1 or more separate 30-sec exposures to a context. Freez- 



ing increased between 1 and 25 exposures but decreased 
with 125 exposures. 

Above, an explanation of the ISD in terms of simulta- 
neous conditioning was criticized because it involved em- 
pirical description more than it did an explanation of 
process. The dynamic stereotype account provides an ex- 
planation of poor conditioning with simultaneously pre- 
sented CSs and USs in much the same way as it accounts 
for the ISD. Therefore, the above speculation benefits 
from its ability to provide a single account of the ISD, 
simultaneous conditioning, and latent inhibition. A sim- 
ple test of this hypothesis would be to determine if pre- 
exposure affects the CS-US interval function with dis- 
crete CSs in a manner parallel to its effect on the ISD. 

There are methodological and theoretical implications 
of the ISD. Certainly, the interval between apparatus 
placement and training must be taken into account in the 
design of conditioning procedures, especially of those used 
to examine one-trial conditioning. For example, in one- 
trial passive avoidance, rats are given a shock shortly af- 
ter they enter a novel compartment. The ISD suggests that 
conditioning to the compartmental cues will be strongly 
influenced by the delay between entrance into the cham- 
ber and shock. Interestingly, in many experiments in 
which this procedure has been used, some degree of de- 
lay between entrance into the chamber and shock deliv- 
ery has been incorporated. 

The ISD procedure may also be a useful method for 
separating conditional and unconditional effects of shock. 
If rats are tested immediately after immediate shock, the 
rats will only be showing the unconditional reactions to 
the shock because of this associative deficit. Rats tested 
immediately after delayed shock would show both con- 
ditional and unconditional reactions to the shock. If the 
test is delayed 24 h, delay ed-shock rats should only be 
showing conditional responses, whereas immediate-shock 
animals would be appropriate controls for sensitization 
and pseudoconditioning. Such a design may provide a par- 
ticularly useful set of control comparisons for the anal- 
ysis of contextual conditioning. 

REFERENCES 

Ayres, J. J. B., Haddad, C, * Albert, M. (1987). One-trial excita- 
tory backward conditioning as assessed by conditioned suppression 
of licking rats: Concurrent observations of lick suppression and defen- 
sive behaviors. Animal Learning & Behavior, 15, 212-217. 

Balaz, M. A., Capra, S., Kasprow, W. J., & Miller, R. R. (1982). 
Latent inhibition of the conditioning context: Further evidence of con- 
textual potentiation of retrieval in the absence of appreciable context-US 
associations. Animal Learning A Behavior, 10, 242-248. 

Bateson. P. P. G., & Chantrey, D. F. (1972). Retardation of dis- 
crimination learning in monkeys and chicks previously exposed to both 
stimuli. Nature, 237, 173-174. 

Blanchard, R. J., & Blanchard, D. C. (1969). Passive and active 
avoidance reactions to fear-eliciting stimuli. Journal of Comparative 
Physiological Psychology, 68, 129-135. 

Blanchard, R. J., Dielman, T. E., & Blanchard, D. C. (1968). 
Postshock crouching: Familiarity with the shock situation. Psycho- 
nomic Science, 10. 371-372. 

Blanchard, R. J., Fukunaca, K. K., & Blanchard, D. C. (1976). 



270 FANSELOW 



Environmental control of defensive reactions to footshock. Bulletin 
of the Psychonomic Society, 8, 129-130. 

Bolles, R. C, & Collier, A. C. (1976). The effect of predictive cues 
on freezing in rats. Animal Learning <t Behavior, 4, 6-8. 

Burkhardt, P. E , a Ayres, J. J. B. (1978). CS and US duration ef- 
fects in one-trial simultaneous fear conditioning as assessed by con- 
ditioned suppression of licking rats. Animal Learning & Behavior, 
6, 225-230. • 

Channell, S., a Hall, G. (1981). Facilitation and retardation of dis- 
crimination learning after exposure to the stimuli. Journal of Ex- 
perimental Psychology: Animal Behavior Processes, 7, 437-446. 

Chantrey, D. F. (1972). Enhancement and retardation of discrimina- 
tion learning in chicks after exposure to the discriminanda. Journal 
of Comparative & Physiological Psychology, 81, 256-261. 

Fanselow, M. S. (1980). Conditional and unconditional components 
of post-shock freezing. Pavlovian Journal of Biological Sciences, 15, 
177-182. 

Fanselow, M. S. (1981). Naloxone and Pavlovian fear conditioning. 
Learning & Motivation, 12, 398-419. 

Fanselow, M. S. (1982). The postshock activity burst: Animal Learn- 
ing & Behavior, 10, 448-454. 

Fanselow, M. S. (1984). Shock-induced analgesia on the formalin test: 
Effects of shock severity, naloxone, hypophysectomy and associa- 
tive variables. Behavioral Neuroscience, 98, 79-95. 

Fanselow, M. S. (1986). Associative vs. topographical accounts of 
the immediate shock freezing deficit in rats: Implications for the 
response selection rules governing species specific defensive reactions. 
Learning <S Motivation, 17, 16-39. 

Fanselow, M. S. (1989). The adaptive function of conditioned defen- 
sive behavior: An ecological approach to Pavlovian stimulus substi- 
tution theory. In R. J. Blanchard, P. F. Brain, D. C. Blanchard, & 
S. Parmigiani (Eds.), Ethoexperimental approaches to the study of 
behavior (pp. 151-166). Dordrecht, The Netherlands: Kluwer. 

Fanselow, M. S., a Baackes, M. P. (1982). Conditioned fear-induced 



opiate analgesia on the formalin test: Evidence for two aversive motiva- 
tional systems. Learning & Motivation, 13, 200-221. 

Gibson, E. J. , a Walk, R. D. (1956). The effect of prolonged exposure 
to visually presented patterns on learning to discriminate them. Jour- 
nal of Comparative A. Physiological Psychology, 49, 239-242. 

Hall, G. (1980). Exposure learning in animals. Psychological Bulle- 
tin, 88, 535-550. 

Hjloard, E. R., a Marquis, D. G. (1940). Conditioning and learn- 
ing. New York: Appleton-Century-Crofts. 

John, E. R. (1972). Switchboard versus statistical theories of learning 
and memory. Science, 177, 850-864. 

Lubow, R. E. (1973). Latent inhibition. Psychological Bulletin, 79, 
398-407. 

Pavlov, I. P. (1927). Conditioned reflexes. New York: Dover. 
Pavlov, I. P. (1955). Selected works. Moscow: Foreign Languages 

Publishing House. 
Pavlov, I. P. (1962). Essays in psychology and psychiatry. New York: 

Citadel. 

Rescorla, R. A. (1980). Simultaneous and successive associations in 
sensory preconditioning. Journal of Experimental Psychology: Animal 
Behavior Processes, 6, 207-216. 

Rescorla, R. A., a Freberg, L. (1978). The extinction of within- 
compound flavor associations. Learning & Motivation, 9, 41 1-427. 

Schuckman, H., a Battersby, W. S. (1965). Frequency specific 
mechanisms in learning: 1 . Occipital activity during sensory precon- 
ditioning. Electroencephalography & Clinical Neurophysiology, 18, 
45-55. 

Shurtleff, D., a Ayres, J. J. B. (1981). One-trial backward excita- 
tory fear conditioning in rats: Acquisition, retention, extinction, and 
spontaneous recovery. Animal Learning & Behavior, 9, 65-74. 



(Manuscript received February 27, 1990; 
revision accepted for publication June 6, 1990.) 



HIPPOCAMPUS 14:557-569 (2004) 



Consolidation of CS and US Representations 
in Associative Fear Conditioning 
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ABSTRACT : Much attention has been paid to the associative processes 
that are necessary to fuse together representations of the various compo- 
nents of an episodic memory. In the present study, we focus on the 
processes involved in the formation of lasting representations of the 
individual components that make up a fear-conditioning episode. In one- 
trial contextual fear conditioning experiments, weak conditioning to con- 
text occurs if the shock is delivered immediately following placement of 
the animal in a novel conditioning apparatus, a phenomenon known as the 
immediate shock deficit. We show that the immediate shock deficit in 
mice may be alleviated by pre-exposure to either the context or shock. In 
using this approach to temporally dissect a contextual fear-conditioning 
task into its constituent representational and associative processes, we are 
able to examine directly the processes that are important for formation of 
lasting representations of the context conditioned stimulus (CS) or uncon- 
ditioned stimulus (US). Our data indicate that the formation of a lasting 
representation of the context or shock engages protein synthesis-depen- 
dent processes. Furthermore, genetic disruption of cAMP-responsive ele- 
ment binding protein (CREB), a transcription factor that regulates the 
synthesis of new proteins required for long-term memory, disrupts the 
formation of lasting context memories. We go on to show that the stress 
hormone epinephrine modulates the consolidation 'of a context memory, 
and reverses consolidation deficits in the CREB-deficient mice. Finally we 
show that disrupting either NMDA or calcium/calmodulin-dependent 
kinase II (CaMKII) function impairs consolidation of context memories. 
Together, these data suggest that this approach is particularly suited for 
the characterization of molecular and cellular processes underlying the 
formation of stimulus representations. © 2004 Wiley-Liss, Inc. 
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INTRODUCTION 



In contextual fear conditioning, an association is formed between a dis- 
tinctive place (conditioned stimulus [CS]) and an aversive event (uncondi- 
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tioned stimulus [US]) (Fanselow, 2000). It is possible to 
demonstrate that an animal has formed a specific CS-US 
association by showing that reexposure to the condi- 
tioned context, but not dissimilar contexts, evokes con- 
ditioned fear behavior such as freezing (Fanselow, 1980). 
Besides demonstrating that an animal remembers an 
aversive event (or the CS-US association), it is also pos- 
sible to show that the animal forms independent memo- 
ries for each of the component parts of the aversive event 
or episode. For example, prior experience with the con- 
text CS or the shock US may retard or facilitate subse- 
quent conditioning (Fanselow, 1990; Fanselow et al., 
1993; Kiernan and Westbrook, 1993; Kiernan et al., 
1995; Rudy and O'Reilly, 1999; Wiltgen et al., 2001; 
Lattal and Abel, 2001b; Rudy et al., 2002). These obser- 
vations indicate that animals likely form independent 
representations of each of the components of an event 
memory — the CS and US — in addition to the CS-US 
association itself (Pavlov, 1927; Guthrie, 1935; Konor- 
ski, 1967). 

Most Pavlovian fear conditioning studies have focused 
on identifying the associative processes underlying the 
fusion of the various features of an event into a unified 
memory, i.e., the biological processes underlying the for- 
mation of lasting CS-US associations (LeDoux, 2000; 
Anagnostaras et al., 2001; Maren, 2001). Recent work, 
however, has begun to focus on the processes underlying 
the formation of representations of each of its constituent 
parts — the building blocks of an event memory 
(Fanselow, 1990; Rudy and O'Reilly, 1999, 2001; Rudy 
et al., 2002; Barrientos et al., 2002). In one-trial contex- 
tual fear conditioning experiments, weak conditioning to 
context occurs if the shock is delivered immediately after 
placement of the animal in a novel conditioning appara- 
tus, a phenomenon known as the immediate shock deficit 
(Fanselow, 1986, 1990). In the present study, we show 
that the immediate shock deficit in mice may be allevi- 
ated by pre-exposure to either the context or shock. 
Therefore, the use of these pre-exposure procedures per- 
mits temporal isolation of the processes underlying the 
formation of independent CS and US representations. In 
a series of experiments, we show that these processes are 
protein synthesis dependent, since pretreatment with 
anisomycin blocks the facilitative effects of pre-exposure 
to the context or shock. In addition, disrupting either 
N-methyl-D-aspartate (NMDA) receptor, calcium/cal- 
modulin-dependent kinase II (CaMKII) or cAMP-re- 
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sponsive element binding protein (CREB) function blocks the 
facilitative effects of context pre-exposure, indicating that the for- 
mation of context memories engages each of these processes. Fur- 
thermore, systemic treatment with the stress hormone, epineph- 
rine, enhances memory for context, and similar treatment 
alleviates context impairments in CREB-deficient mice. 



MATERIALS AND METHODS 



Subjects 

Unless otherwise specified, we used the progeny from a cross 
between C57Bl/6NTacfBr (B6; Taconic Farms) and 129Sv/J 
(129; Jackson Laboratory) inbred mouse strains. For the CREB 0 "* 
mice used in Experiments 3 and 5, we used the F2 progeny derived 
from a cross between CREB 0 "* heterozygotes in the B6 back- 
ground (>99%) and wild-type (WT) 129 mice. The ct-CaMKII- 
T286 mice used in Experiment 7 were heterozygotes derived from 
8-9 crosses into B6. Mice were weaned at 3 weeks of age and were 
subsequently genotyped using polymerase chain reaction (PCR) 
protocols as previously described (Bourtchuladze et al., 1994; 
Giese et al., 1 998). All mice were group housed (2-5 mice per cage) 
and had continuous access to food and water. The vivarium was 
maintained on a 12:12 light/dark schedule, and all testing was 
carried out during the light phase of the cycle. At the commence- 
ment of testing mice were at least 8 weeks old. All experiments used 
approximately equal numbers of male and female mice. All animal 
care and testing procedures were approved by the Animal Research 
Committee at UCLA and were in accordance with the NIH Prin- 
ciples of Laboratory Animal Care. 

Apparatus 

Conditioning context 

The conditioning context was located in a windowless room. All 
mice were tested individually. For each test, the mouse was trans- 
ported to the test apparatus in a cage containing a mix of fresh 
. wood shavings and wood shavings from its home cage. The con- 
ditioning context was housed in a sound-attenuated box (interior 
dimensions: 56 X 42 X 37 cm; length X width X height). Three 
of the four interior walls of the sound-attenuated chamber were 
painted white. The other wall consisted of black and yellow vertical 
striped pattern. A clear Plexiglas window allowed the mice to be 
continually observed. Background noise (68 dB) was provided by a 
fan located in one of the walls of the sound-attenuated chamber. 
The conditioning context (16 cm X 16 cm X 19 cm; length X 
width X height) was rectangular in shape and its walls were made 
of clear Plexiglas. The total floor area was 256 cm 2 . On one of the 
walls there was a 24 V house light. The 'floor of the context con- 
sisted of a shock grid. Bars were 3 mm in diameter and 0.9 cm 
apart. Each bar was connected to a Master Shocker (model 
82402SS), a device that delivers scrambled shocks. Between tests, 
the cage floor and interior of the conditioning contextwere cleaned 
with a 75% ethanol solution. 



Shock pre-exposure (PE) context 

The shock PE context was housed in a different room from that 
used for the conditioning context. The floor of the shock PE con- 
text was triangular in shape, with vertical Plexiglas walls. The sides 
of the triangle were 24 cm long, and the height of the context was 
20 cm. The total floor area was 250 cm 2 , similar to the condition- 
ing context. An opaque blue material covered the exterior of two 
walls of the shock PE context. The other wall was left transparent 
to allow observation of the mice. The floor of the cage comprised a 
shock grid. Between tests, the cage floor and interior of the condi- 
tioning context were cleaned with a 1% acetic acid solution. 

Automated freezing apparatus 

In a subset of experiments, we used an automated freezing ap- 
paratus to examine contextual fear conditioning in mice. With this 
experimental setup, freezing is measured automatically using a Na- 
tional Institutes of Health (NIH) Image-based algorithm. For a 
full description of apparatus and methods, see Anagnostaras et al., 
(2000). 

Behavior Measurement 

Conditioning was assessed by "freezing" behavior. An animal 
was determined to be freezing when it adopted a motionless pos- 
ture, refraining from all but respiratory movement (Fanselow, 
1990). Freezing was assessed using a sampling method; 2-s obser- 
vations were taken every 5 s. For an animal to be scored as freezing, 
it had to remain motionless for the entire 2-s observation. These 
observations were made by an experimenter who was blind to the 
experimental treatment and/or genotype of each mouse. Freezing 
data is presented as the percent time spent freezing. That is, the 
number of observations when freezing was observed divided by the 
total number of observations and multiplied by 100. 

Drugs 

All drugs were administered intraperitioneally (i.p.) in a volume 
of 10 ml/kg. Anisomycin (ANI; Sigma) was dissolved in phos- 
phate-buffered saline (PBS) and pH-adjusted to 7.4. ANI injec- 
tions (1 50 mg/kg) were given 30 min before pre-exposure or train- 
ing. [±]-3-[2-Carboxypiperazin-4-yl]propanephosphonic acid 
(CPP; Sigma) was dissolved in PBS, and given 20 min before 
pre-exposure or training. 

Epinephrine (EPI; Sigma) was dissolved in PBS. EPI injections 
(0, 0.05, 0.5 mg/kg) were given immediately following context 
pre-exposure. 

General Behavioral Procedures 

Immediate shock training 

Each mouse was placed in the conditioning context and 5 s later, 
a 2-s, 0.75-mA shock was delivered via the cage floor bars. Follow- 
ing this shock, the mice remained in the context for a further 60 s. 
Each mouse was then removed and returned to its home cage. 
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Testing 

For testing, each mouse was placed back in the context, and 
freezing was assessed over a 3-min period. During this period, no 
shocks were presented. 

Specific Experimental Procedures 

Experiment la: Effect of placement-to-shock 
interval on contextual conditioning 

Each mouse was placed in the conditioning context. Following 
5 s (n = 10), 30 s (n = 9), 120 s (n = 7) or 300 s (n = 8) a 2-s, 
0.75-mA shock was delivered via the cage floor bars. Following this 
shock, the mouse remained in the context for a further 60 s. Mice 
were then tested 30 min later. 

Experiment lb: Reactivity to an immediate versus 
delayed shock 

Mice (B6) were randomly assigned to an immediate shock (n = 
10) or a delayed shock (n = 10) condition. Mice in either condi- 
tion were placed in the conditioning context for a total of 90 s. 
Mice in the immediate condition received a 2-s, 0.5-mA footshock 
5 s after placement in the conditioning context. In contrast, mice 
in the delayed condition received the footshock 60 s after place- 
ment in the conditioning context. Mice were then tested one day 
later. In this experiment, both training and testing were conducted 
in the automated freezing apparatus, and freezing and shock reac- 
tivity were assessed using a computer-assisted automated scoring 
system (Anagnostaras et al., 2000). 

Experiment lc: Effect of context pre-exposure on 
the immediate shock deficit 

In this experiment, we tested whether pre-exposure to the condi- 
tioning context can protect mice against the immediate shock deficit. 
Mice received various amounts of context pre-exposure (PE groups): 
30 s (n = 8), 120 s (n = 9), 300 s (n = 8), or 600 s (n = 7). Control 
groups of mice did not receive context pre-exposure (NPE groups). 
Rather, they were taken to the room adjacent to the room housing the 
conditioning context in transport cages for an equivalent time period: 
30 s (n = 7), 120 s (n = 1 1), 300 s (n = 1 1), or 600 s (n = 7). One 
day following this both PE and NPE groups were trained with an 
immediate shock. Mice were tested 30 min later. 

Experiment Id: Effect of shock pre-exposure on the 
immediate shock deficit 

In this experiment, we tested whether pre-exposure to shock can 
protect mice against the immediate shock deficit. Mice were placed in 
the shock PE context. Following a 5 s delay mice received either a 
0.25-mA (n = 14) or 0.75-mA (n = 6) shock, or no shock (n = 12). 
Shocks were 2 s in duration. Following the delivery of the shock mice 
remained in shock PE context for a further 60 s, and they were then 
removed. Twenty-four h later, all groups of mice were fear condi- 
tioned with an immediate shock in the conditioning context. Thirty 
min after this, they were tested in the conditioning context. To control 



for generalization, 24 h following the completion of testing in the 
conditioning context, all groups of mice were tested in the original 
shock pre-exposure context. The duration of this test was 3 min. 

Experiment 2a: Effect of anisomycin treatment on 
context pre-exposure in WT mice 

In this experiment, we tested whether treatment with the protein 
synthesis inhibitor ANI (1 50 mg/kg, i.p.) blocks the facilitative effects 
of context pre-exposure on contextual fear conditioning with an im- 
mediate shock. Mice were pretreated with ANI (n = 7) or PBS (n = 
7) before being pre-exposed to the conditioning context for 10 min. A 
control group of mice was injected with ANI (n = 7) or PBS (n = 7), 
but not pre-exposed to the conditioning context. Twenty-four h later, 
both groups were fear conditioned with an immediate shock in the 
conditioning context, and tested following a 30-min delay. 

Experiment lb: Effect of anisomycin treatment on 
shock pre-exposure in WT mice 

In this experiment, we tested whether treatment with ANI 
blocks the facilitative effects of shock pre-exposure on contextual 
fear conditioning with an immediate shock. ANI-treated (n = 7) 
and PBS-treated (n = 7) mice were placed in the shock PE context 
and received a 2-s, 0.75-mA shock following a 5 s delay. They 
remained in this alternate context for a further 60 s and were then 
removed. A control group of mice were injected with ANI (n = 7) 
or PBS (n = 8), but were not placed in the shock PE context and 
did not receive a shock. Twenty-four h later, they were fear condi- 
tioned with an immediate shock in the conditioning context. 
Thirty min following this they were tested. 

Experiment 2c: Effect of anisomycin treatment on 
context-shock learning in WT mice 

In this experiment, we examined the effects of blocking protein 
synthesis during the training, rather than the pre-exposure, phase. 
Mice were pre-exposed to the context for 10 min, and then 24 h 
later trained with an immediate shock. Thirty min prior to training 
mice were pretreated with either the ANI or PBS. Separate groups 
of mice were tested 30 min (PBS =11; ANI = 9) or 24 h (PBS = 
9; ANI = 9) later. 

Experiment 3: Effect of context pre-exposure in 
CREB a ^~ , ~ mice 

In this experiment, we tested whether context pre-exposure 
would protect CR£B aA_/ ~ mice against the immediate shock def- 
icit. Separate groups of WT and CREB aA_/_ mice were pre-ex- 
posed to the conditioning context for 10 min (PE + Immediate 
group: WT =10, CREB aA_/_ = 10) or not (Immediate group: 
WT = 10, CREB" 4- ' - = 9). Twenty-four h later, they were fear 
conditioned with an immediate shock. Thirty min later, they were 
tested.' An additional group of WT (n = 16) and CREB 0 "*"' - 
(n = 16) mice was trained with a delayed shock. Each mouse was 
placed in the conditioning context. After 2 min they received a 2-s, 
0.75-mA shock, and 60 s later were removed from the context. 
Thirty min later, they were tested. 
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Experiment 4: Effect of epinephrine treatment on 
context learning in WT mice 

In this experiment, we examined the effect of systemic epinephrine 
treatment on contextual learning. Immediately after a 2 min context 
pre-exposure (PE group), WT mice were injected with PBS (n = 8), 



0.05 mg/kg EPI (n = 9) or 0.5 mg/kg EPI (n = 8). Control groups of 
mice, not pre-exposed to the context (NPE group), were given PBS 
(n = 7), 0.05 mg/kg EPI (n = 7) or 0.5 mg/kg EPI (n = 7). Twenty- 
four h later, all groups of mice were fear conditioned with an imme- 
diate shock. Thirty min following this they were tested. 
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Experiment 5: Effect of epinephrine treatment on 
context learning in CREB aA ~'~ mice 

In this experiment, we tested whether systemic epinephrine treat- 
ment would reverse contextual learning deficits in CREB aA_/_ mice. 
All mice were pre-exposed to the conditioning context for 10 min. 
Immediately following this they were injected with PBS (WT = 9; 
CREB 01 ^'- = 7), 0.05 mg/kg EPI (WT =11; CREB^ - ' - = 7), 
or 0.5 mg/kg EPI (WT = 8; CREB aA_/_ = 7). Twenty-four h later, 
all groups of mice were fear conditioned with an immediate shock. 
Thirty min later, they were tested. 

Experiment 6: Effect of CPP treatment on context 
pre-exposure in WT mice 

In this experiment, we tested whether treatment with CPP 
(0-10 mg/kg, i.p.) blocks the facilitative effects of context pre- 
exposure on contextual fear conditioning with an immediate 
shock. Mice (B6) were pretreated with PBS (n = 10), 5 mg/kg 
CPP (n = 9) or 10 mg/kg CPP (n = 6) before being pre-exposed 
to the conditioning context for 10 min. Twenty-four h later, mice 
were fear conditioned with an immediate shock in the condition- 
ing context, and tested the following day. 

Experiment 7: Effect of genetic disruption of 
CaMKII on context pre-exposure 

In this experiment, we tested whether mice that are heterozy- 
gous for a point mutation at T286 (o;-CaMKII-T286 +/_ ) exhibit 
impaired contextual processing. WT (n = 10) and ot-CaMKII- 
T286 ' (n = 9) mice were trained and tested in an identical 
fashion to the mice in Experiment 6. 



Immediate Shock Deficit: Effects of Context (CS) 
or Shock (US) Pre-exposure 

In one-trial contextual conditioning, weak conditioning to con- 
text occurs if the shock is delivered immediately following place- 
ment of the animal in a novel conditioning apparatus. In this 
experiment, we varied the timing of the shock presentation during 



training to obtain a placement-shock function for mice, as has 
previously been described in rats (Fanselow, 1990). Mice were 
placed into the context and received a 2-s, 0.75-mA footshock at 
the following delays: 5, 30, 120, and 300 s. Following the shock, 
mice remained in the context for a further 60 s, and were tested 30 
min later. The placement-shock interval during training influ- 
enced subsequent contextual fear (F(3,30) = 4.28, P < 0.05). Post 
hoc analyses indicated that freezing levels in mice trained with the 
shortest delay (5 s) were significantly lower than mice trained with 
either the 120 s or 300 s delay (Newman-Keuls; P < 0.05) (Fig. 
la). These data show that mice exhibit an immediate shock deficit 
as previously reported (Paylor et al., 1994; Kiyama et al., 1998; 
Milanovic et al., 1998; Lattal and Abel, 2001b; Stanciu et al., 
2001; Wiltgen et al., 2001). 

We next tested whether reduced levels of freezing in the mice 
trained with the shortest delay were due to reduced reactivity to the 
shock. Two groups of mice were trained. Mice received a single 
footshock either 5 s (immediate) or 60 s (delayed) following place- 
ment in the training context. Both groups of mice spent a total of 
90 s in the training context, and were subsequently tested 24 h 
later. Shock reactivity was similar regardless of whether the shock 
was immediate or delayed (F(l,18) < 1) (Fig. lb; left). Impor- 
tantly, on subsequent testing, mice in the immediate shock group 
showed significantly lower levels of freezing compared to mice in 
the delayed shock group (F(l,18) = 9.97, P < 0.05) (Fig. lb; 
right). This result indicates that the immediate shock deficit is not 
related to reduced reactivity to the delivery of an immediate shock. 
Furthermore, because mice in the immediate and delayed groups 
spent equivalent amounts of time in the context during training, 
these data show that it is the timing of the shock during training, 
rather than the total amount of time spent in the conditioning 
context, that determines subsequent levels of conditioned fear. 

Context pre-exposure alleviates the immediate shock deficit in 
rats (Fanselow, 1990; Kiernan et al., 1995; Rudy and O'Reilly, 
1999; Wiltgen et al., 2001; Barrientos et al., 2002; Rudy et al., 
2002). We systematically varied the duration of context pre-expo- 
sure to determine the minimal amount of time required to alleviate 
the immediate shock deficit in mice. Mice were pre-exposed to the 
context for different durations (30, 120, 300, or 600 s) (pre-expo- 
sure groups; PE). One day following context pre-exposure, mice 
were trained with an immediate shock, and tested 30 min later. 



FIGURE 1. Behavioral examination of the immediate shock 
dene it in mice, a: Effect of placement-shock interval on the devel- 
opment of contextual fear conditioning. During subsequent test- 
ing, freezing levels are higher in mice trained with longer place- 
ment-shock intervals, b: Shock reactivity is similar in mice trained 
with an immediate (placement-shock interval of 5 s) versus delayed 
(placement-shock interval of 60 s) shock (left). Despite this, in 
subsequent testing mice trained with the delayed shock exhibit 
significantly greater levels of freezing compared to those trained 
with an immediate shock (right), c: Effect of context pre-exposure 
(PE) vs. no pre-exposure (NPE) on contextual conditioning with 
an immediate shock. Extended pre-exposure to the context pro- 
tects mice against the immediate shock deficit. Mice pre-exposed to 
the context for 10 min exhibited greater levels of freezing on sub- 
sequent tests compared to mice pre-exposed for shorter durations, 



or mice that were not pre-exposed. d: Distribution of freezing over 
time in mice exhibiting the immediate shock deficit. These test 
data are from mice in the NPE conditions in Experiment lc. Freez- 
ing is not concentrated at the start of testing — that is, at the time 
the shock was delivered during training — as would be predicted by 
timing accounts of the immediate shock deficit, e: Prior experience 
with shock (delivered in an alternate context) facilitates contextual 
conditioning with an immediate shock. Mice receiving a 0.75-mA 
shock 24 h prior to conditioning, exhibited higher levels of freez- 
ing on subsequent testing, f: One day following testing in the 
conditioning context (Experiment Id), mice were also tested in the 
shock PE context. Freezing in this context was lower in all groups, 
indicating that generalization from the shock PE context to the 
conditioning context cannot account for the facilitative effects of 
shock pre-exposure. 
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Control groups of mice were removed from the vivarium, but not 
placed in the context (no pre-exposure group; NPE). Only ex- 
tended pre-exposure to the conditioning context alleviated the 
immediate shock deficit (exposure X time interaction; F(3,60) = 
3.06, P < 0.05) (Fig. lc). Post hoc analyses revealed that freezing 
levels were higher in the mice that were pre-exposed for 600 s 
compared to each of the other PE groups. In addition, freezing in 
the 600-s PE group was significantly higher than in the control 
600-s NPE group (P < 0.05). Although not tested here, the facil- 
itative effects of context pre-exposure are specific to the to-be- 
conditioned context as pre-exposure to an alternate context fails to 
reverse the immediate shock deficit in rats (Kiernan et al., 1995; 
Rudy et al., 2002) and mice (Lattal and Abel, 2001b). 

The reduction in freezing levels following immediate shock 
training might be because mice tend to concentrate freezing bouts 
towards the beginning of the test session — that is, at a time corre- 
sponding to shock delivery during training. Examination of freez- 
ing in the mice that were not pre-exposed to the context (NPE 
groups) reveals that this is not the case. Collapsing across each of 
these control groups, freezing tended to increase, rather than de- 
crease, as a function of time during testing (F(5,175) ~ 5.02, P < 
0.05) (Fig. Id). It is unclear why freezing increases over time, but 
this analysis is nonetheless inconsistent with timing accounts of the 
immediate shock deficit (Bevins and Ayres, 1995; Gallistel and 
Gibbon, 2000). 

Since extended context pre-exposure alleviated the immediate 
shock deficit, we next tested whether pre-exposure to the shock US 
produces similar effects. Mice received a shock (2-s duration; 
0.25-mA or 0.75 mA) 5 s following placement in an alternate 
distinctive (shock PE) context. One day later, mice were trained in 
the conditioning context using immediate shock procedures, and 
tested 30 min later. Pre-exposure to shock in the alternate context 
facilitated contextual conditioning following training with imme- 
diate shock procedures (F(2,29) = 4.38, P < 0.05) (Fig. le). 
Freezing during subsequent testing was significantly higher in mice 
that were pre-exposed to the high shock (0.75 mA) compared to 
mice not receiving shock pre-exposure (0 mA) (P < 0.05). 

These data indicate that pre-exposure to the shock US facilitates 
subsequent fear conditioning, as does pre-exposure to the context 
CS. The pre-exposure shock was delivered immediately to mini- 
mize conditioning to the shock pre-exposure context. Neverthe- 
less, it is possible that generalization from the shock pre-exposure 
context to the conditioning context might account for the facili- 
tated conditioning in the shock-pre-exposed mice. To examine 
this, following testing in the conditioning context, mice were also 
tested in the shock pre-exposure context. Mice froze less in shock 
PE context compared to the conditioning context (F(l,29) = 
38.3, P < 0.05) (Fig. If), a finding that makes it unlikely that 
generalization occurred from the shock PE context to the condi- 
tioning context. Because mice were tested in the shock pre-expo- 
sure context after they were tested in the conditioning context, it 
should be noted that extinction could account for reduced freezing 
in the shock pre-exposure context. However, multiple exposures to 
the conditioning context following training do not produce the 
same magnitude decrement in conditioned freezing (data not 
shown). 



Facilitative Effects of Context (CS) or Shock (US) 
Pre-exposure Are Blocked by Protein Synthesis 
Inhibition 

Contextual fear conditioning is thought to require an animal to 
form a representation of the training context (CS), the shock (US) 
as well as a context-shock (CS-US) association (Fanselow, 2000; 
Rudy et al., 2002). The above experiments dissociated CS and US 
representational processes underlying Pavlovian fear conditioning, 
and suggest that these procedures can be used to directly examine 
mechanisms underlying the formation of CS and US representa- 
tions, independent of CS-US associations. 

Protein synthesis is essential for the formation of long-term 
memories (Davis and Squire, 1984). We therefore asked whether 
the formation of either lasting CS (context) or US (shock) repre- 
sentations depends on protein synthesis. To test whether the for- 
mation of a context representation is protein synthesis dependent, 
we pre-exposed mice to the training context for 10 min. Mice were 
pretreated with either the protein synthesis inhibitor ANI or PBS. 
One day later, they were trained using immediate shock proce- 
dures, and tested 30 min later. A group of control mice were 
treated identically, except that they were not pre-exposed to the 
training context. Disrupting protein synthesis specifically attenu- 
ated the effects of context pre-exposure on contextual conditioning 
(exposure X drug interaction; F(l,24) = 26.8, P< 0.05) (Fig. 2a). 
In mice pre-exposed to the context, ANI pretreatment significantly 
reduced freezing levels compared to PBS-treated controls (P < 
0.05). 

To test whether the formation of a shock representation is pro- 
tein synthesis dependent, we pre-exposed mice to a 0.75-mA shock 
in the alternate (shock PE) context. Mice were pretreated with ANI 
or PBS. One day later, they were trained using immediate shock 
procedures, and tested 30 min later. A group of control mice were 
treated identically, except that they were not pre-exposed to shock. 
Disrupting protein synthesis specifically blocked the facilitative 
effects of shock pre-exposure on contextual conditioning (expo- 
sure X drug interaction; F(l,25) = 6.66, P < 0.05) (Fig. 2b). In 
mice pre-exposed to the shock, ANI pretreatment significantly 
reduced freezing levels in the subsequent test compared to PBS- 
treated controls (P < 0.05). 

Therefore, the facilitative effects of pre-exposure to the context 
CS or shock US are blocked by protein synthesis inhibition. In the 
next experiment we examined the effects of blocking protein syn- 
thesis during the training, rather than the pre-exposure, phase. 
Mice were pre-exposed to the context and 24 h later trained with 
immediate shock procedures. Prior to training, mice were treated 
with either ANI or PBS. To examine the effects of ANI treatment 
on both short- and long-term memory, separate groups of mice 
were then tested 30 min or 24 h later. As expected, mice pretreated 
with PBS exhibited robust conditioning whether tested 30 min or 
24 h following training. In contrast, mice pretreated with ANI 
prior to training exhibited normal memory 30 min following train- 
ing, but impaired memory when tested 24 h following training 
(drug X test delay interaction; F(l,34) = 6.43, P< 0.05) (Fig. 2c). 
Post hoc analyses showed that conditioned freezing levels were 
reduced in ANI-treated mice compared to the PBS-treated mice in 
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the test 24 h following training (P < 0.05). Consistent with a large 
literature, these data indicate that disruption of protein synthesis 
blocks the formation of long-term (but not short-term) memory 
(Davis and Squire, 1984). While it is tempting to conclude that 
these data show that protein synthesis inhibition blocks the forma- 
tion of lasting CS-US associations, this experiment does not rule 
out the possibility that protein synthesis inhibition blocks the for- 
mation of a lasting US memory at the time of training. For exam- 
ple, an intact US memory may be necessary for the retrieval of the 
CS-US association during subsequent testing. 

Facilitative Effects of Context Pre-Exposure Are 
Blocked in Mice With a Targeted Disruption of 
CREB Function 

Studies in a wide variety of species have shown that the synthesis 
of proteins necessary for long-term memory formation is regulated, 
at least in part, at the transcriptional level by CREB (Yin and Tully, 
1996; Silva et al., 1998; Alberini, 1999; Kandel and Pittenger, 
1999). Just as in studies examining the effects of protein synthesis 
inhibition on memory formation, a unifying feature of these stud- 
ies is that manipulating CREB function affects only long-term 
memcJry (i.e., tested at 24 h), and not short-term memory (i.e., 
tested at 1 h or less). Accordingly, we have previously shown that 
mice with a targeted disruption of the ct and A CREB isoforms 
(CR£B aA ' - mice) have normal short-term, but impaired long- 
term, memory for contextual fear conditioning (Bourtchuladze et 
al., 1994; Koganetal., 1997). 

Disruptions of processes underlying the formation of lasting 
context (CS), shock (US) representations, or stable CS-US associ- 
ations, may account for these deficits in long-term contextual fear 
memory. In the next experiment we examined whether normal 
CREB function is required for the formation of lasting context 
representations (Fig. 3). We first showed that CREB 0 " 1- ' - mice 
exhibit normal short-term memory (30 min) when trained with a 
delayed shock (F(l,30) < 1, P > 0.05). These data indicate that 
short-lived processes required for the expression of contextual fear 
memories 30 min following training — for example, the formation 
of CS (context), US (shock) representations, and CS-US (context- 
shock) associations — are unaffected by the CREB 0 " 1- ' - mutation. 
When trained with an immediate shock, however, both CREB 0 " 1- ' - 



FIGURE 2. Effect of protein synthesis inhibition on the forma- 
tion of lasting conditioned stimulus (CS) and unconditioned stimulus 
(US) representations, and on lasting CS-US associations, ax Mice were 
either' pre-exposed to the conditioning context (PE) or not pre-ex- 
posed (NPE). ANI-treatment (open bars) specifically blocked the fa- 
cilitative effects of context pre-exposure compared to phosphate-buff- 
ered saline (PBS)-treated controls (closed bars), b: Mice received 
shock pre-exposure (shock) or not (no shock). ANI-treatment (open 
bars) specifically blocked the facilitative effects of shock pre-exposure 
compared to PBS-treated controls (closed bars), c: Mice were pre- 
exposed to the conditioning context for 10 min. One day later, they 
were trained with immediate shock procedures. Pre-training ANI- 
treatment (open bars) blocked long-term memory (tested 24 h follow- 
ing training), but not short-term memory (tested 30 min following 
training). PBS-treated mice (closed bars) exhibited similar levels of 
freezing at 30 min and 24 h. 
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FIGURE 3. Context pre-exposed (PE) does not alleviate the im- 
mediate shock deficit in cAMP-responsive element binding protein 
(CREB)™ A-/_ — TL. .1 r ;u . 



(WT) and CREB 



mice, a: The three training conditions for wild-type 



mice, bs When trained with a delayed shock, 



WT (closed bars) and CREB" A ' (open bars) mice showed normal 
short-term (30-min) contextual fear memory. However, if the shock is 



delivered immediately during training (rather than after a delay) both 
WT and CREB" A mice exhibit reduced levels of conditioned 
freezing on test, or an immediate shock deficit. Pre-exposure to the 
context protected WT, but not CREB D,A ~'~, mice against this imme- 
diate shock deficit. 



and WT control mice exhibited reduced levels of conditioned fear 
when tested 30 min later. In WT mice, this immediate shock deficit 
was rescued by pre-exposure to the conditioning context 24 h prior to 
training. In contrast, context pre-exposure failed to rescue the imme- 
diate shock deficit in CREB" ~ /_ mice (genotype X exposure inter- 
action: F(l,35) = 4.43, P < 0.05). Critically, there was no difference 
in levels of freezing between CREB aA ~ /_ mice that were pre-exposed 
(PE + immediate group) and those that were not (immediate group) 
(P > 0.05). Furthermore, pre-exposed WT mice exhibited signifi- 
candy more freezing compared to pre-exposed CREB aA ~ /- mice 
(/><0.05). . 

In these experiments, we used only a short delay (30 min) be- 
tween training and testing. Because memory is normal at these 
short delays in CREB aA_/ ~ mice, this design allows us to examine 
the impact of the CREB aA ^ mutation on contextual processing: 
that is, on processes necessary to form and maintain a context 
memory during the 24 period between pre-exposure and training. 
Therefore, these data indicate that the targeted disruption of 
CREB function in the CREB mice impairs the formation of a 
l asting representation of context. 

Context Memories Are Enhanced by Epinephrine 

Memories for emotionally charged events tend to be stronger 
and more persistent (Cahill and McGaugh, 1996; McGaugh and 
Roozendaal, 2002). A large number of studies have shown that the 
activation of adrenal stress hormones, such as epinephrine, facili- 
tates memory consolidation via central @-adrenergic mechanisms 



(McGaugh, 2002). To test whether memory for context may be 
modulated in a similar manner, we examined the impact of epi- 
nephrine treatment on the effectiveness of context pre-exposure. 
Since we expected epinephrine treatment to enhance memory, we 
used a pre-exposure duration (2 min) that does not normally alle- 
viate the immediate shock deficit (see Fig. lc). Consistent with our 
earlier experiment, a 2 min PE was insufficient to alleviate the 
immediate shock deficit: the PBS-treated mice, regardless of 
whether or not they had been pre-exposed to the context, showed 
similarly low levels of freezing when tested. However, mice treated 
with epinephrine immediately following the 2 min context pre- 
exposure showed increased contextual fear conditioning. Impor- 
tantly, the facilitative effects of epinephrine were limited to mice 
that were pre-exposed to the context (dose X exposure interaction: 
F(2,40) = 3.45, P < 0.05) (Fig. 4). This indicates that epinephrine 
does not produce nonspecific facilitation of conditioning; rather 
the facilitative effects are contingent on pre-exposure to the to-be- 
conditioned context. 

Context Deficits in CREB ttA-/_ Mice Are 
Reversed by Epinephrine Treatment 

The memory-enhancing effects of epinephrine are mediated 
centrally by 3-adrenergic receptors (Liang et al., 1986). Since the 
activation of B-adrenergic receptors is coupled to cAMP/PKA sig- 
naling, and CREB-dependent transcription is reduced, but not 
eliminated, in the CREB aA mice (Blendy et al., 1996), we tested 
whether epinephrine treatment would reverse deficits in contextual 
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FIGURE 4. Effect of epinephrine treatment on consolidation of 
context memories. Wild-type (WT) mice were pre-exposed (PE) or 
not pre-exposed (NPE) to the conditioning context for 2 min. Imme- 
diately following this, mice were treated with epinephrine. Twenty- 
four h later, they were trained with immediate shock procedures and 
then tested after a 30 min delay. Epinephrine dose-dependendy facil- 
itated conditioning only in the pre-exposed mice. 



processing in these mutants (see Fig. 3). To do this, CREB aA_/_ 
mice and their WT controls were pre-exposed to the conditioning 
context for 10 min. Immediately following this, mice were injected 
with epinephrine or PBS. One day later, they were trained using 
immediate shock procedures, and tested 30 min later. Epinephrine 
treatment given immediately following context pre-exposure facil- 
itated subsequent conditioning in the CREB 0 ^ - ' - mice (Fig. 5). 
For the highest dose of epinephrine (0.5 mg/kg), WT and 
CREB aA_/_ mice exhibited equivalent levels of freezing on test 
(Planned comparison; P = 0.49). However, for lower doses of 
epinephrine (0 or 0.05 mg/kg) WT mice froze significandy more 
than CREB aA ~ /_ mice on test (Planned comparisons; P < 0.05). 
These data suggest deficits in forming a lasting context representa- 
tion in CREB 0 ^ - ' - mice can be partially reversed by treatment 
with epinephrine, most likely via activation of residual CREB- 
dependent processes. 

Facilitative Effects of Context Pre-exposure Are 
Blocked by Pharmacological Blockade of NMDA 
Receptors and Genetic Disruption of a-CaMKII 

The above series of experiments indicate that examination of the 
facilitative effects context pre-exposure on the immediate shock 
deficit may be an effective approach for the identification of mo- 
lecular events underlying the formation of contextual memories. 
To characterize further the utility of this approach, we extended 
our analyses to examine the effects of two treatments (pharmaco- 
logical and genetic) known to disrupt contextual fear conditioning 
and hippocampal long-term potentiation. 

The activation of NMDA receptors and subsequent autophos- 
phorylation of a-CaMKII at T286 are known to play key roles in 
hippocampal-dependent behavioral and synaptic plasticity (Mar- 
tin et al., 2000; Lisman et al., 2002). Therefore, to test whether 



normal NMDA receptor function is required for the formation of 
context representations, we tested whether the NMDA antagonist, 
CPP, blocks the facilitative effect of context pre-exposure. Mice 
were pre-exposed to the conditioning.context for 1 0 min following 
pretreatment with CPP (0-10 mg/kg). Twenty-four h later, they 
were trained using immediate shock procedures, and then tested 
the next day. Pharmacological disruption of NMDA receptor 
function blocked the facilitative effects of context pre-exposure on 
contextual conditioning (F(2,22) = 3.89, P < 0.05) (Fig. 6a). 
Similarly, a heterozygous point mutation at T286 (ct-CaMKII- 
T286 +/ ) blocked the facilitative effects of context pre-exposure 
on contextual conditioning (F(l,17) = 6.92, P< 0.05) (Fig. 6b). 
These data suggest that this approach can be broadly applied. Fur- 
thermore, since a-CaMKII-T286 +/_ mice exhibit normal contex- 
tual fear conditioning using standard procedures (Ohno et al., 
2001), context pre-exposure approaches may represent a more sen- 
sitive behavioral assay for the detection of contextual processing 
deficits in mice. 



DISCUSSION 



In this study, we used behavioral procedures to dissect a Pavlov- 
ian fear-conditioning task into its constituent representational and 
associative components. Using this approach, we focused in par- 
ticular on those processes that are important for the formation of 
lasting representations of the context CS or shock US. Our data 
indicate that the formation of lasting context (and shock) repre- 
sentations requires the activation of NMDA receptors, autophos- 
phorylation of CaMKII at T286, CREB-dependent transcription 
and protein-synthesis. Furthermore, we show that stress hor- 
mones, such as epinephrine, modulate the consolidation of the 
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FIGURE 5. Context deficits in cAMP-responsive element bind- 
ing protein (CREB)" A_/_ mice are reversed by epinephrine treat- 
ment. Wild-type (WT) and CREB" A-/_ mice were pre-exposed to the 
conditioning context for 10 min. Twenty-four h later, they were 
trained with immediate shock procedures and then tested after a 30- 
min delay. Epinephrine treatment immediately following context pre- 
exposure dose-dependently alleviated conditioning deficits in the 
CREB""*-'- mice. 
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FIGURE 6. Disrupting either N-methyl-D-aspartate (NMD A) receptor or calcium/calmodulin-dependent kinase II (CaMKII) (unction 
blocks the facilitative effects of context pre-exposure. a: Wild-type (WT) mice were pre-exposed to the conditioning context for 10 min. CPP 
treatment dose-dependendy blocked the facilitative effects of context pre-exposure compared to phosphate-buffered saline (PBS)-treated 
controls, b: WT and ct-CaMKII-T286 +/- mice were pre-exposed to the conditioning context for 10 min. The facilitative effects of context 
pre-exposure were attenuated in the a-CaMKII-T286 +/ ~ mice. 



context memory. Finally, we show that the failure to successfully 
consolidate context in CREB 0 "* - ' - mice is alleviated by epineph- 
rine. Together, our data indicate that the mechanisms responsible 
for forming lasting representations of various features of an event 
overlap with the associative processes responsible for fusing to- 
gether these individual representations into a unified episode. Fur- 
thermore, they suggest that these procedures may be especially 
effective for identifying molecular and cellular processes underly- 
ing the formation of lasting stimulus representations. 

In one-trial contextual fear conditioning experiments, weak 
conditioning to context occurs if the shock is delivered immedi- 
ately upon placement of the animal in the conditioning apparatus, 
a phenomenon known as the immediate shock deficit (Fanselow, 
1986, 1990). We found that pre-exposing mice to either the con- 
text or the shock protected mice against the immediate shock def- 
icit. Deficits in contextual conditioning following training with an 
immediate shock have been attributed to failures of either CS 
(Fanselow, 1 990) or US (Lattal and Abel, 200 1 b) processing. That 
is, either the short delay between placement in the context and 
shock delivery, or other factors such as stress-related deficits in 
sensory processing associated with handling, interfere with the an- 
imal's ability to process effectively (1) the context, or (2) the shock. 
Our data suggest that failures in either CS or US processing may 
contribute to the effect since prior experience with either alleviates 
the immediate shock deficit. Regardless of the mechanism, the 
impact of either context or shock pre-exposure oh the immediate 
shock deficit indicates that mice can readily form a lasting memory 
of the context or the shock (Fanselow and Gale, 2003), indepen- 
dent of a pairing between the two. Therefore, we were able to use 
these pre-exposure procedures to effectively isolate processes un- 
derlying the formation of context or shock memories. 

Previous studies have shown that protein synthesis inhibition 
blocks the formation of long-term contextual fear conditioning 
memories (Abel et al., 1997; Bourtchouladze et al., 1998; Schafe et 
al., 1999; Stiedl et al., 1999). However, using standard contextual 
conditioning procedures it is not possible to determine whether 
these deficits are due to a block of the formation of a lasting rep- 



resentation of the context CS or shock US, or a lasting memory for 
the CS-US association. We found that protein synthesis is required 
for the establishment of lasting memories for each of the to-be- 
associated elements: the context and the shock. These data are 
consistent with a recent study that found that intra-hippocampal 
infusions of anisomycin block the facilitative effects of context 
pre-exposure on contextual conditioning (Barrientos et al., 2002). 
Furthermore, our data parallel similar findings in other paradigms 
(e.g., conditioned taste aversion, latent inhibition) showing that 
the formation of lasting CS and US representations depend on 
protein synthesis (Berman and Dudai, 2001; Rosenblum et al., 
1993; Schauz and Koch, 2000). 

The synthesis of most proteins is mediated by activity-regulated 
transcription factors (Shaywitz and Greenberg, 1999). Studies in a 
wide variety of species have shown that the synthesis of proteins 
necessary for long-term memory formation are regulated, at least in 
part, by the transcription factor CREB (Alberini, 1999; Kandel 
and Pittenger, 1999; Silva et al., 1998; Yin and Tully, 1996). 
Previously we have found that CREB 0 "* mutant mice exhibit im- 
paired long-term memory (24 h), but normal short-term memory 
(£ 1 h) in contextual fear conditioning (Bourtchuladze et al., 1 994; 
Kogan et al., 1997; Falls et al., 2000). By using pre-exposure pro- 
cedures to examine context memory in isolation, our current data 
indicate that CREB 0 "* - ' - mice are unable to form a lasting repre- 
sentation of the context. Therefore, inhibiting protein synthesis 
and disrupting CREB function produce similar effects: both ma- 
nipulations block the development of lasting representations of 
place, demonstrating that CREB plays a critical role in the tran- 
scriptional activation required for these processes. 

The hippocampus plays a central role in the representation of 
contexts or places (Frankland et al., 1998; Anagnostaras et al., 
1999, 2001; Fanselow, 2000; O'Reilly and Rudy, 2001). There- 
fore, the inability to form lasting representations of place is consis- 
tent with observations that the stability of newly formed hip- 
pocampal place cells, as well as the formation of lasting spatial 
memories, is disrupted by protein synthesis inhibitors (Meiri and 
Rosenblum, 1998; Agnihotri et al., 2001; Lattal and Abel, 2001a) 
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and compromised in CREB a ' mice (Bourtchuladze et al., 
1994; Kogan et al., 1997; Cho et al., 1998). Importandy, it has 
recently been shown that either hippocampal lesions or intra-hip- 
pocampal infusions of anisomycin block the facilitative effects of 
context pre-exposure on contextual conditioning (Barrientos et al., 
2002; Rudy et al., 2002), indicating that protein synthesis in the 
hippocampus is required for the formation of stable representa- 
tions of place. We extend these findings to show that the formation 
of lasting context memories also requires the activation of NMDA 
receptors, ot-CaMKII and CREB. These data, together with those 
of Rudy and colleagues (Rudy and O'Reilly, 1999; Rudy and 
O'Reilly, 2001; Barrientos et al., 2002; Rudy et al., 2002), suggest 
that context pre-exposure procedures may be a particularly effec- 
tive method for identifying hippocampal molecular and cellular 
processes associated with the formation of lasting representations 
of place. Indeed, studying context in isolation, rather than in aver- 
sively-motivated situations such as the water maze and contextual 
fear conditioning, may be a more appropriate behavioral correlate 
for place cell studies. 

Using standard one-trial contextual fear conditioning proce- 
dures the optimal placement-shock interval was 150 s, although 
a much shorter interval (i.e., 30 s) appeared to be sufficient for 
conditioning to occur. In stark contrast, much longer context 
pre-exposure durations were necessary to alleviate the immedi- 
ate shock deficit: only a pre-exposure lasting 600 s was sufficient 
to reverse the immediate shock deficit. Therefore, in the ab- 
sence of an aversive reinforcer, such as shock, longer duration 
exposures are required to form a lasting memory for the context. 
Emotionally arousing stimuli, such as shock delivery, facilitate 
memory consolidation by activating adrenal stress hormones 
(McGaugh and Roozendaal, 2002). The activation ! of adrenal 
stress hormones following shock delivery therefore allows ani- 
mals to selectively remember more emotionally charged events, 
at the expense of less important ones (Cahill and McGaugh, 
1996). We tested this idea by giving mice a 2 min pre-exposure 
to the context 24 h before training them using immediate shock 
procedures. Under normal conditions this 2 min pre-exposure 
has no effect on subsequent conditioning. However, epineph- 
rine treatment, given immediately following pre-exposure, 
makes this 2 min pre-exposure as effective as a 10 min pre- 
exposure in alleviating the immediate shock deficit. This way, a 
relatively neutral experience — one that by itself would not elicit 
conditioned responding — is made effective, presumably by ac- 
tivation of the adrenal stress hormone system. That: is, mimick- 
ing the effects of shock with epinephrine treatment/ensures that 
the context memory is fully consolidated even after a relatively 
brief exposure. A previous study found that epinephrine admin- 
istration following contextual fear conditioning (using standard 
procedures) was ineffective (Lee et al., 2001). However, the 
present context pre-exposure procedures may provide a more 
sensitive method for detection of modulatory influences on 
contextual memories since short duration pre-exposures (in 
combination with immediate shock training) produce near- 
baseline levels of freezing on test. 

Epinephrine also facilitated the consolidation of a context mem- 
ory in CREB aA- '~ mice. CREB function is reduced, rather than 



eliminated, in CREB" mice. Therefore, epinephrine may ac- 
tivate residual CREB via activation of (3-adrenergic receptors that 
are coupled to cAMP signaling (Kobayashi and Yasoshima, 2001). 
This idea recalls an older literature showing that the amnestic 
effects of protein synthesis inhibitors given prior to training may be 
attenuated by posttraining administration of stimulants, including 
epinephrine (Martinez etal., 1981). Furthermore, the finding that 
epinephrine was effective when given following context pre-expo- 
sure suggests the following. First, that the efficiency of CREB- 
mediated consolidation may be regulated during a brief time-win- 
dow following initial learning. Second, the context impairments in 
CREB 0 " 1- ' - mice are due to a failure to consolidate, rather than 
encode, contextual information. This conclusion is consistent with 
recent reports (Kida et al., 2002; Pittenger et al., 2002). To test 
these ideas further it will be necessary to show that CREB activity 
is elevated in trained CREB 0 " 1- ' - mice following epinephrine 
treatment. Previous studies suggested that the memory deficits of 
the CREB 0 " 1 ' mice can be partially alleviated when the muta- 
tion is crossed into some strains of mice (Gass et al., 1998). Our 
data suggest that one possibility is that the upregulation of genes 
(either controlling the synthesis or the effects of epinephrine) in 
these mouse strains is responsible for the partial rescue of the mem- 
ory deficits caused by the CREB 0 " 1- ' - mutation. 

A CS or US representation must incorporate a large amount 
of information. Not only must the underlying neural networks 
represent both the sensory and emotional features of a given 
stimulus, but they must also encode complex relational infor- 
mation. For example, the temporal relationship of the stimulus 
with other CS and US must also be encoded. Furthermore, the 
stimulus representation is presumably dynamic in nature, with 
new instances or experience leading to the integration of rele- 
vant information into these networks (O'Reilly and Rudy, 
2001). The formation of episodic memories is then thought to 
involve the rapid and automatic fusion of dynamic, informa- 
tion-laden representations into a unified memory (Martin et al., 
2000; Morris et al., 2003). The use of immediate shock ap- 
proaches make it possible to examine the molecular and cellular 
processes underlying the formation of CS and US representa- 
tions in isolation. Our data show that the building of CS (and 
US) representations requires NMDA receptor activation, auto- 
phosphorylation of CaMKII at T286, CREB-dependent tran- 
scription and protein synthesis. Previous molecular and cellular 
studies of memory have focused on associative processes in fear 
conditioning. The present data suggest similar approaches can 
be used to understand the molecular and cellular bases of stim- 
ulus representations. 
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HALOPERIDOL. BUT NOT CLOZAPINE 
OR LAMOTRIGINE. IMPROVES THE IMPAIRMENT 
IN REVERSAL LEARNING INDUCED BY 
D-AMPHETAMINE IN THE RAT 

N.F. Idrisl. C.H Large?. CP. B«y«o)ds3, J.C. Nedll 
IBradtiHii Schav* of ftinnn*<y. Univemity ot Bradford, Weta Yorkshire, 
BD7 IDP 2Dop>. ot Bieiogy. Psychiatry C£D0. GSK S.p.A.. Veronn. 
Italy SOepanment ot BiorruxXcai Science. Tito University ol Sheffield. 

SI02TN, UK 

Recently have show that the psvcfvjtomimetics PCP and d- 
atrtpholamirw induce Q selective ravots*] tc*rnir>g Impairment hi the 
rat. The eficci ol PCP is improved by clozapine, and tho 
anticonvulsant, lamotrigine (Abdul-Monim at al. 2003 J. 
PfryctwohHrirwcology 17(1): S7-fifi; tdris et al. 2003 Br J Pharmacol. In 
press) which has sonic efficacy in bipolar disorder (Calabres* et al 
J. Clin. Psyctiwt. «k 7fl-88> but not by hatoperidol. Tha aim of 
bms study was la explore the mechanism of d-amphelamiri«'« affect by 
comparing the efficacy of hatopwWot, desapirw and lamotrigine 
against d-»mphetamine in this paradigm. 

Female hoooed-tister rats (Harlan, UK) were trained to perform an 
opmarit rnw»al learning IBs* to 90% criterion. O-ampiWlarnina at 
O.Smgi'Kg produced- a stgnrticarTt reduction in performance ol lh« 
rcvoreal task ip<0.01). Lamotrtgifte (2Smg/kg). clozapine (SmgAp), 
and hatoperruoi (0.02Smg-0.05mfl*g) had no effect on cognitive 
performance iikww, hrwevar. hatoparidol (0.075mg/kg) disrupted 
overall task portomwnco. The combirwIJoo of lamotrtgfne or ctawplne 
with d- amphetamine did not prevent (ho Impairment In reversal task 
performance, in contrast. halopetidol at O.OSmgftg sHjnifleantry 
improved trw impairment in reversal task wfomtfince Induced by d- 
»mi>ix(tamin» ip<o.oi). Th» result* suggest diBarmg mechanisms tor 
ma cognitive impairment induced by PCP and d-amph»iamlne and 
support a role for involvement of mo dqpareftwf gic system in the effect 

nl d-arnphetarnina, but not PCP. 



APP-RELATEO PEPTIDES AND MEMORY RESCUE 

Lancashire CL. Mitousmc R and SPR Rose 

Onpaiimifnl ot Biological Sciences. Open University. Mr/ton Keyrms. 
MKT UAA UK. 

Chick APP resembles v«ry closely rls human counterpart (95% 
tmmoiofjy). v/tih (ha Amyloid bate wMjuances baity) identical. Using a 
one-trial learning task m day ow chick* we louno (hat blocking eflher 
the synthesis of APP with antisense. or its function with anttoodles to 
its external domains, resuRs in tb* rapid (<1hr) onset of amnesia. This 
early onset is compatible with a signalling rather than an adhesion role 
lor APP. Analysis ot the manifold activities ot APP led to the 
Idenlfficatton ol tho unall stretch ot amino acids (APP31 9-335) 
containing the RE RMS sequence C- terminal to the KPt insertion site 

ol sAPP-695 as the active domain rusponsible lor neurotrophic activity, 
growth promotion and nourrta nxlenstan. Synthetic APP328-332 in 
both orientations (NH2-RERMS ond NH2-SMRER). injected 30 mln 
before training, prevents tlw memory deficit induced by APP antigens* 
or APP antibody administration. Both RERMS and SMRERconiafcitha 
patindromic «»quen<» RF.R, mid this tripepticta will rtseU prevent 
amnesia. Injecled REH rapidly binds to neurone, and ra partially 
displaced by a 17mef APP pepi.ido fragment but not by beta Amyloid, 
suggesting that REfl and Amyloid bota have different binding titos. 



RESTORATIVE PROPERTIES OF AN APP-DE RIVED 
PEPTIDE ON THE INOUCTION OF HIPPOCAMPAL 
LTP IN BETA-AMYLOID TREATED BRAIN SLICES 

a. j. Milrmr, g. M. Otiiiwjic, o. M. Curnminge, S. P. R. Rose, R. 
Mitetrsnic k K. P. S. J. Murphy 

Department of Btotogicat ScVcws. Open uniwtsliii Walton Hat, 
Mien K*yn*). MKT 6AA UK. 

The amyloid precursor protein (APP) te impBcated in learrting and 
Aizheimw's disease (AD), in the latter, tho APP-derived peptide, beta- 
amyloid (At>). is beliovcd to bo r^tbogenic. WJISst tfio role « APP in 
learning is not lutfy knc*n, there is evidence Id Suggest that APP may 
serve in a variety of ways; as a signalling and/or adheatan molDCule. 
Pcrtufbafiw o! APP. rising cither antjserwe or antibodies to APP, 
induces amnesia in chicks trained in a otKHrial learning task. 
Remarkably, injection ol another APP-detived peplkle (RERMS) prior 
to training prevents anweaa, suggesting that the RERMS moiety is 
capaeie o? mimicking the signalling function of APP In learning, further 
experiments • nave revealed that this property resides in the 
palindromic sequence RER (MiKHisnic. Lancashire & Roto, ttiis 
meeting). 

Injection ol Ab has been sliovtm to impair learning in Several animal 
models, in vitro, hippocampal long-term potentiation (LTP) Is wJdety 
held to be a model of learning. We report here that exposure 10 theAb 
fragmenl <Ab2$-35) blocks the induction Of LTP at CA3-CA1 Synapses 
in mouse hippocarrtpai slice*. However* if the slices were also exposed 
to RER. then LTP could be successfully induced. The abfliiy of PER to 
rescoe LTP in a mammalian system Suggests that Otis novel peptide 
may have efficacy as a cognitive enhancer in humans, particularly With 
relererKe to AD. 



REDUCTION OF CELL PROLIFERATION 
AFTER PASSIVE AVOIDANCE LEARNING IN 
CHICK HIPPOCAMPUS 

Agettkf M. Nikolaltopouloul , Cntherine R.Dermona and Michael G. 
Stowartf 

Wept, of t3/o*>gfca/ Sciences, Th<» Open University. Atf*ew Keymtt, 
MKT MA. UKZ &epl ot Bk>!ogy. Umvrsity ot Crete. Hemkion 71409, 
Crete. Greece. 

Neurogenesis persists m auutt life in the avian Drain (Atvarez-Buytla, 
1090a EXperientia 46: 948- 55). Nowborn cells can be identified by the 
administration ot S-bromo-2-deoxyuridine (BrdU). which Is an analog 
ot Itiyrnidine arid incorporates into llw OiNtA during Ihe S-phase Of the 

coll cycle. 

In the present study, the objective was to examine coll proliferation in 
the hippocarr*us tHPi'aiier passive avoidance training. The dorfiesife 
chick hippocanpus can be divided into dorsal and ventral regions, 
t>asod on the response to ischemia (Horner el al.. 1998 Eur. J. 
Neufosci. 10: 3913-3917). CeS proliferatkm was measured from the 
same chick groups as in the previous prohforaaon study (Dermon ot 
ai., 2002, Euroj). J. Neurosci., 16, 1-10) at 24h and 9 days post BrdO 
injection, 

In contrast to data from ihe IMHV and LPO where neurogenesis 
increases afier passive avoidance training, in Ihe hippocampus there 
is a reduction in cell prolifnraiion. The explanation tor this finding is 

unclear, but one possfctlriy Is that avoidance training experience may 
be causing stress which Is expressed In chick hippocampus by a 
reductkwi in ceil proiifeiaiion vrhich occurs in the rat hippocampus as a 
resutl ol streaslul ej(periences (Gould and Tanapal, Biol 
Psychiatry. 4G(t1): 1472-9). 



